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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an array antenna 
controller that has a simple constitution and can be 
manufactured inexpensively, as compared with the 
conventional controller and performs temporal and 
spatial adaptive processing for an ESPAR antenna. 
SOLUTION: A time-domain signal processing section 4 
divides a signal y(t) received by mean of an array- 
antenna device 100 r composed of the EXPAR antenna 
into sub-signals in a plurality of time domains, processes 
the sub-signals in the time domains by respectively 
multiplying the sub-signals by prescribed weighting 
factors and adding the weighted sub-signals to each 
other, and outputs the added signals as processed signal 
z(t). An adaptable controller 7 computes the weighting 

factors, based on a learning sequence signal generated ^ii^^lij— - ^3,-.^*^ 
from a learning sequence signal generator 6 and the 
sub-signals, so that the error signals between the 
sequence signal and processed signals z(t) become 
minimal, outputs the weighting factors to the time- 
domain signal processing section 4, and calculates and sets the reactance value of each 
variable reactance element, so that the value of a prescribed criterion function, indicating the 
value corresponding to one of the error signals, becomes minimal by calculating the gradient 
vector of the criterion function. 
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[ swss i ] r ztztixomm* £ . 

3nfc^©wgEyr*3o*3R^£*f&*.> ±ia§nr 

gEy7**>**T-©yT**>*fi*g{fc3i*SC£ 

tcj: <o , ±ib«8&© use y 7 * * >x«^^*n?ni 

©■siskw*©^ -fm^^m u . jjb*nm u ?£«&©•? 
-s c £ tc «t o p B i«*£©ii -^tsmzmn Lxumm 

i a & j: a ic±iHS*^5&g|# t, -ciBusn 

^•rBTS©S»H^©«3E'<i' h**ft#U ±IB* 

at 

sn/c«^©-5j^';T^^>x*^-i^{i^. ±iaSoj 
^ y r * # >xst-T-© y r # £ > ^fit^-ft s c £ 

jegxttJSMs^b-ctbf^s-a-. Ti^-T>'r"^©fii^ 30 

±ibt u - r > ^ «: fe^tgf § titcmum^mm. 

wma&w s/- 1 y > x £±ta#-y tvcm-m 

X. ±fa&ffi«^£±fB^^>-e7->Xffi-^£©gM{I 
#*S*/h £ ft Z> i 5 K_bE**HM&&«ff O T±EI*IHI 
IU^©M-^M®©/cJ6(Cta^J U , ±IBmM^K*tjST 40 

-sffl^-r^f^sw^©^-^^ h**it*u ± 
sattflw«©«#*tf» £ s <£ 5 (c±i as y t * * 
>*as-?-© y r * $ >*«£it3f L-ctssE-r s x y -j 
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S*T*«ffliaReST U--7>^:Mgg (Electronically 
Steerable Passive Array Radiator (ESPAR) Antenn 

a;«T> iX^TVftil^. ) X&r>X, TDM 

Agfiff-^XCiC D MA3MMr#**HHPJtB*r U-7 

^^©WWSraO'WSteFSfcW'***. 
[0002] 

[SE*©Kffij] ix;<7>fttt. «*.«. SBfeSawX: 

^ 1 IT. Ohira, "Microwave signal processing and de 
vices for adaptive beamfo raring," IEEE Antenna and 
Propagation society International Symposium vol . t 
wo, pp. 583-586, Salt LakeCity, Utah July 16-21, 2 

oooj wswv- 11-19448 momfrmmtcis^ 

£ & 1 fl©?HMB*? £ . c ©*ffl«SI^K:^ 3 tifc 
U^yT^$>^3R^£*>^STl'-T>^*# 

±fBpjauri'^>xm-T-©yTi'^>^ffl ; £^b 
$i±^C£fCJ:fPs ±S7U-7>ft©}||irttl4%E 
fb3i±-5>C£*5-C#^>„ 
[000 3] Sfc. ^SlfKtt, -7;b^/>'^e^£. 
ft—**\s3t.>V?m (CC I) £*5. M->^fAKI 

iw*R«-r 2 o©miii 0T#aE-r cn?. ©ras 
u-en-en^ TDMAftetg^^AK:*jwss?e^©fi 

«S(ciBH-r*l'>#JMBI : T* ( I S I ) ? + 

zL-tfrf-fe^T^ (ma i ) £ ur^in-So 
[0004] feLh©WHBtet*«fi*-r«fc»K:. sf^iaJi 

JSS^I (STAP) m$$m$M2 Tj. Paulral e 
t al . , "Space-time processing for wireless cortmuni 
cations," IEEE Signal Processing Magazine, Vol. 1 
4, No. 6, pp. 49-83, November 1997 J #M„ ) 

c©^Stt. i s imcc i^©M)©Jk:*j^ 

x&Mv-fcnmz&n-rzbV'tnz.htix^z. 

-Ctt, TDMAX«a^ffi» (->—Jr>^) CDMA 

(ds-cdma) mm&m^x^AicMhx. mmm 
mrnmum (stap) ©*s*sf^sn. wwsn-c 

[0 005] 

[#S9!*S8?&l>«fc , 5£-r£aS®] L*>U&3&S6. STA 
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C4&C&S. 
[0007] 

f-^<DW»«BB:. SfcfcOftftfiR-? 
«»©*»»R-7-i. ±IBl*ifc©»JI»-?-i<:^ft-e*i 
& 'J T ^ * > X *^f-CD VT9$>X®*£.itZiiZ- 

Sanaa- s c t tc «t ks msmmoim^imzmif t/r *& 

©ffla*^4 3 J: "5 tC±IBS nJSE 'J7f * >X*-?-© 

V7? # >xmzm-n.v-cmmsr zmstrnfflw^mt * 

«?tfcC4*!»«4-r-5. 
[0 00 8] *«WCC«*TU-T>^©*WP 

a^©Bj^ , ;r*'^>x*iF4=&m> ±iBS"5j^ur 30 
*£>xfR^yT*£>xte*^t3i*se4K:J: 
d . ±ib«r©^ y r f * > ***-*-e*i-e*i*ifts 

^{b3-i*-5>TU-T>7-±©iJ@WffitC*5t-^-C. ±IB 

*C 4K J: QI«IB*«©«-*(!i«*»f UT«Hfl|-94 

±iB#-y-^ft-^4(C*-r3^-C, ±SBMSfi-*§-4_tfB^W 40 
ts-tr^xm^t (DmMm-mfi&b 4 ft* <fc 5 K±IBS 

[0 00 9] 

(formed in advance before) fc*— A4tiM& , 3v 3^ 50 
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Bjr tr-A^* - > 4 WB«WO»ffc»t * 

got LTB#sraiBff>S7 ^ y ct*5 

i^AT^ftB, s/jNsx h-r-^fM©«-^fciq]W 
-c^iswic t*- stKj*itrs 4#* e>nt 

t,»S. *»Wt?», TDMAXttCDMAflMii6JB©fc 

jj>(cix^-7>ft%tii/tsiiaii£S7 -*> >u5r y 

>^ (STAF) *H^-r-5/c&©TU—T>-ry-©W 

[0010] «T\ HB*#J(8L-C*:»H©sWBB«K: 

[001 WfiKft5*t»7l'-T> 
7-y-©ftlJQJ«g©7'P y *0T«>S. **»^©T U 

-r>7=-y-©§ij®p^g«. si K^-r^tc, lrxDm 

Wmi-A 0 4 6 fi©#«g3k?-A 1 TiMA 6 tZffijLX 
^-5Se*^©x^/^T>7 1 -^-C-#^3tl?cTU'-r> 

7-y-i!gioo4> ±iaru-T>7-y-sigi o o-cs 
*ti6*w«rrs»£««ea3> hn— 5 7 4*41*.*: 

C4 5r#®4-TS. 

[0 0 12] HKfcHT, TU-T>7^§!gl 0 0 

«, st&ag#i i ±(csw ^nfcagss-^A oRmm 
mm*A i7&MA6*»6«^sn. asae?-A0H:. * 

S r ©PJJS-b&cfaW 6 ftfc 6 *©^J&ffiJR-?- A 1 7ilA 
». «*ttfi*-?-A 1 ttMA 6 «_bIB¥S r ©PHtBc 
A 1 75MA 6©SSB, «*.«. WfflRam 

rttA/4«:&SJ;'5Cc1ta2<T.-5 () JSWS3R-7-A 0©3& 
«^t»BW»*— ^ 9 £/r L-CffittSiftBS ( L N A ) 

lKJSHSn. *fc. #»Ji»-7-A17bSA6«^n-e 
nH^'J T f ^ >X*^- 1 2 - 1 JbM 1 2 - 6 (CgfSS 
*l. CtlbTilgtVTlrSr^Xttl 2-17JI1 2-6 

© y r * $ >xM»5gjSfij®ia=i >ba-77*>(=)©y 

[0 0 131H2I*. 7l^-7>ft«110 0©W 

MS ft. S#®«^^A0 7bMA6tt % pj^yr^*> 
1 2 - 1 nm. 1 2 - 6 ^Lt, j^t» 1 1 {C 

MoxTgmmiiicffl&stiz. vi^vT?5>?.m*i 
2 - 1 nm i 2 - 6 ©«pff*ifte9f* 4. 

^A 0 4#»S*TA 1 TbSA 6 ©S#^(nl©S3j!)5^ 
KB«)tcK-T'*>?.4*, l^yr^ 5f>X5R^- 

1 2 - 15&5^>^$>X14 (Ltt) *WS"44*«. 

flJSEUTi'f >X3RT-12-lt43EKa^^4ttO, # 
Ji)»*^ A 1 BMA 6 ©*«g^*Kl*T- A 0 KttR t, 

ti< a o . mm^t Lxm< . pja y 

7^f>X^12-l*SttA^>Xtt (Ctt) 
WrS4#«. pK';79f>^12-li«3 
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otcJ:t2Ki,rs<&9. mmtvxm<. 

[0 0 1 4 ] S£ot\ 0 1 ©Tl—T >7^^M1 0 0 
tctetvt . «#lB£yR?A 1 MA 6 3 ft ft: njg? 
';T5'*>^*^1 2- 175M1 2-6©>;7f»X 
it*SBffcS**ci «:«!:•). 7U-T>ftgfl0 0 

[ o o i 5 ] m i ©r b-r^^^-cDfijiisigfcfcti 

I2^«§ ftfcff -f-iiPHA^r - 9 LrffiSt^tftl 10 
S(LNA) licA^SftrWHSft. 

(D/C) 2«ififI5ftft:^l^if^©4 3 P^ 
iaiS^com-^ ( I Ffi-sf) imwg&?Z>. 3 a 
/Dg3ft§§ 3 fcttg$e^8IS ftfcT ^fi-SfSr^-r ^ £ 
JHt-^CA/D^gSU A/D^nfcfr^$^i 

#%^HHwwt^s»4tca*-r*. &t>r, ismtx 

«Ht-S§MSSI$4 7V-7>ftggl 0 OKi^t 
«f8Stifc*BB«#y (t) *««<D"5IMWi©"9-:/« 

hjv [Y] ^iSfKSiJtS3iS3>hn-7 7icffi*^> £ 20 
fc. ^si3ft?taBscD-9-^-^«:»L-c-eft-eft9f3e© 

U fcM»t 5CiKJ:'3 B#fH«i&©M 
-9*&3*IWTl/r*J3te*z (t) iu-ca^s. ^e- 

##S£g6fc4:'P#££Sftfc3*a~>--- 5r>x«##>e>± 

z <t) *H»L-cK*«#*fi*u ?6 

ft^-RD-'fl^i 7 Vfr [Y] (C*-5l,>rK^«^3&s«/jN 
ifr5±9fc*«tt**fli«'<* h [W] £St#L-r 
B#ra^fa^fflSP 4 K tH^J-T S C <h CC <J; 0 St&KfflM 30 

n-^7». ^s->- * > xm^- i ±t -?m*% t ft 

£HI{f # z (t) i^g>—^>Xff^-i© 
Mttfll'^aWKrh £ & £ «fc 5 K±f ES#G&ifc£ Wm h X m 

^ntt® ttftMfth <t & 3 J: 5 tc*^ 'J7^$>xi 
T- 1 2- 17!>M1 2-6©';T^^>Xfii*lt#L/-r^ 

[0016] 7U-7>rt 1 0 0t§t$n5«fi 40 

A&34l&)ffi&D¥V£'-v Jr>X«^iP— ©W>- 

-fll^f^t, fl®BUaSg£©aKiii8tfi#S:. «*.« 

q p s k * .tr©^ -/ v>2)im%&, ximmsmx'*-? 

iHLrs«M©T p-r>7-^-«g i o o ttfaw-rant 
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a > h a - -7 7 K<fc £ jftSMaiJ&BftsXff 3 ft£. 

it. mmmnm^wmzu <om 1 ©»©fc?jr & std 

MAJiiB#ra«i£M-5t*asSB4 - l ©^a v zmx&z. 
8§nfcM(J-i)i©'>7H/i;x3? (sr) i 

3- 175S1 3- (J -1 ) tBKJflO^V-^V 
^ 1 4- 175M1 4- J <h. fflSJfflOh^VXX- 
^l/7^;b^|5lS§2 3 - 17iM2 3- J t x JOINS 1 7 
i?r«^-Clt^$ft-5.. ±iB^7M^X# (SR) 1 
3- 175M1 3 - ( J - 1 ) tt^-ft^ft. 

a v ^vzm^xx^m^ i f>-#A>nmc\.-)m&i, 

xmtrt*. h^>X/t-- 9-^7-f;l/*HK2 3-175 
12 3-J S*^»©8IJSL<0ft:«£>{C. IK»©^raS 
MO-y-^ft^C^fd^ftfeii-^f'-^ D x 1 JbMD x J 
*aiHW»S:a>Fn— 7 7tCtfJ^iL, 3iJt*lffll 
i3>Fn-77(c<J: -3 -CvUff S ftfcS^-^f 1 - ^ D 
w 1 TbSD w J «. A^3 3 ftfc§«-^Km# Or tittlr 

[0 0 18] Sl©A/D^feS3*i?>ffi^jSftft:S(t 
{f#y ( t ) $*'j7>1?->7 - 7 14-li, Whl/ 
i?^*13-lKA*Stl5. W>t>^14-1 
B, A^$ftfc^<l{f#y (t) *. A/D^S3© 
•9->7"U> ^jg^© 1 / J V ') > ^SSStr 

#s >-y> 7- y > y u , «m»©«-^*mi«J!6-r * h 

^>X;-c--fvt/:7 ^ ;U^HiSS2 3-1 ^OrJ0#S 1 
7{ctB^-r-5= h Oi>x^ 1 3 - l*>6Hi^jSftfc 
«^«, ^>t>77l4-2t, ->7hUi;x*l 
3-2^A*§ft5<, 1 4-2«, A* 

$ftfc{f#^:. A/D^H3©1f>y'J>^il2g^© 

i / j m<D-v-> v" >j > >?mmx #v y > ^ 
-2 4j>btin»Si 7Ktii:fr-fS. jktr««c. 

bUt^X^13-j (j=2, 3, -. J-l)^6tti 
AShfciftt. jtV>9>-79 1 4 - ( j + 1 ) 

H/yx$ 13 - ( j + 1 ) tcm*3ft^>. 
1f>77 14- ( j + 1 ) tt. A^jSftfcfi^. A/ 
DS^H 3 ©It > 7* y > ^JffiSIS© i/je©f>^''J 

>^ii^r^'?>-9->-7 , y>yb. ®a^©«#^h 

7>^A--t^7 ^ ^^@?g2 3 - ( j + 1 ) Sr/M-r 
tn»Sl 7KHJAr4. 3?>^ t J0JHI17»» A^S 

■^z (t> tLxmu-rZo 

[0 0 193i4B, I3©h7>XA-t;l'7^l'$ 
Mm2 3-l®ffim*nk-?7'n'>?mx-iSb2>. f-7>^ 
4)\s%m&2 3 - 1 B. ^ 1 i7>-^>7*7 2 2 
- 1 £iijftl/rAZ7§ft-5«^£, 1 ~»^© 

1 /47I»M 1 /2©B*H/cW-€-ft-€ t ft3BgS-eai»K:i8 

mmmztitcwm (m- i > ^©s^n^2 5 - 1 tim 
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2 5- (M- 1 ) !K&Mfl®§ft*82 6 - 1 7bM2 
6 -Mi, fl»»2 7i*«itr«l«3n*. rt7>X 
/<— ^ )VZMi&2 3 - 1 (cAA§n5fi#B> If 
^ft-^cox- 2 i b-C^l£f!ISPM3 > h u - =7 7 Kifct? 

§2 6-1 *^-0rJlDlHI2 7CCtjWjSn*4ifctC. 
St»fc*8EI*S*fcSnfc (M- 1 ) ffl<Z>9KEIB2 5 - 1 
M2 5 - (M- 1 ) l*«w, . M Oftffftgt 
^ft5S»S2 6 -Mi^ttJ0fg2 7KHi2j3 

ns. cct, s*^w©as^«. m i ©asa^-c 10 

h 5 -f ;l/*@ffi2 3 - 1 7&M2 3 — J © 

V'JTJUflMJ *, ^2©SS^?:-CJii5Sh5> 
^ JU*@I&2 3 - 1 Tb^.2 3 - J l*J©ffi# 
SCD£/UTA4H»17)£M««T. *fc* iIS£lH!S§2 5 

^rtzmmmz 6-2 ^vxmws2 7Kffl*sn, 

Se.fC, ilSH8S2 5 -2#>6ffi;fr3ft3{I#«, 9J£ 

SSI 1 7 {ctttfrStiS. J&lTH««:ur. iIJ£HIB§2 6 
-ma (ma= 3, -, M— 1 ) #> e>HJ;£> 3 ft £<l-*t 

t*®iw, . » . + , <D§mmm.*m-tz>?mm2 6 

- (ma+l) *^Lr»l*82 7tcffl;&3ftS. 
•C. »SS2 7«A#3ft£M[I©M# : &M¥U MS 
i&lfl©«# &»nSS 1 7{CfflAt5. 
[0 02 0] t.tc, E3CDh^>X/^-1?-JU7-f ;l-$|Bi 
S§2 3 - 2 75M2 3 - J ». Si,>KISIt£S£!3ft/c«8$C 

(m - i ) flosses^. a»MM©mss<b. jjns 30 
Si^r. h7>xn-- y-)\,y j)\,*mn2 3- 1 

v;l/$H8S2 3 - 17bM2 3-J*>?>m 
A5tifcf#f-fDx lJbMDx J ft***!'* 

cy] tc^jsurauew»ffl3> hn— 57{cm*-r 

o— 7 7*>6A*S*T,fcfi*^^^ r.U/ [W] S 
#^7*-£Dwl75MDwJ tefl-jgl/t. Sh5>x 
tr;l>-? -f ;l/*IHSS2 3 - 1 7bS2 3 - J ccfcivt-e 
CKA*3tifc«^iS»T«. 40 
[ 0 0 2 1 ] H 5 tt. <0W»6«KK->tft 
B$ra^M#®ffi^4©^2CDgafeJg,«K:^4C 
DMAfflB#IS^tfI«lSP4 - 2©^a * &W£t?$> 

s. *SQBKB«:4Ji»r». * 1 ©JdfeJ&Sic&S Y =z> 
^ ^*@|g2 3 - 1 75^2 3 - J ©ft*> 
D ft > fttfc J ®<D-? y 5 1 F 7 a £ (matched filter ; 
m$i? j fr$ti>\<^. ) 1 5- 17bMl 5-J _k 
IBgv y F? v )\>% 1 5 - 1 TbM 1 5 - J tCfflfcZti 

tcD-ymmummm 1 b - 1 1 6 - j tzmztcc 
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MAJiltMW*»**H«»4- 1 £PJ«r$>D, 

[0 02 2] 0 5tCfe<,^T. Et> 3 ftfcJ - 

1 ffl©^7 h 1/-^ $13-1 JbM 1 3 - ( J - 1 ) 
<fc % Jfl©^>-9->7v 1 4- 4- J 

TDMAffl^B««»-^«aB|J4 - 1 i|BI«K«iSSn 

a. # ■> ^ 1 4 - 1 frumti 3 nfcm#«v „ 

^F^-fA'S'l 5-lfCAftSft. 7?f 

— tf^©^^©?- ^ D c p Kl^fUT, 

^J-T-S.. V3.^F7^JI/^1 5- 1 #>£©<!# 

b. i¥ffl^-r -y- frnmemmfg 1 6 - 1 zftbxm 

j^Htfj3*i?di#W:, v-^^ h*^^;l/$ 1 5-2RDf 
If ^«#^S@g§ 16-24M- r J»J§lH 1 7 K HJ* 3 
«TBW(C. Sv^F7^^15-j ( j = 
3, 4. -, J)B. W^t^H-fa^eai 

2js*ifcflr**. ^^fi^aiiigs i 6 - j ^brjn 
sni 7icai^-rs. 

[0023] ^^t. h 5 or-fm^i&mm ie-i 
i ». *ti-en3f5e©3Bg«wT c ^ur»«s$ 

titcWm. ( N c - 1 ) <1©SS@SS2 1 - IBS 2 1 - 
(Nc-1) Il!Nci(D«>t>7'72 2-l 
75rS2 2-Nc£, ffitfeN cffl© h^>^^*-if^7 ^ 
>V$W82 3- 175M2 3 -Nc i. »»S2 4«!:*f 
x.-CttlS3nS 0 7^K7^W1 5- lfr£>Utf>3 
nfcfs#tt> jKS@SS2 1 - l&<>'#'?>1>->:7'5 2 2 
-l^tl}^3n-S 0 $^>1f>7*5 2 2- 1 «A#3*i 
tcWm*. Z^ls^lsV'^ 14 - 175M1 4- J ©1f> 

7- u > ^M?S»© i / n c «©-9- > 7' y > fjaa»r ^ 
^>if>7*y >^u> jtasa©^* 
7^wi»2 3-i *^i/-can»s2 4K:a*-i-s. 

[0 02 4] h7>XA-- 4)\<%W®i2 3 - 17b 

i23-Nc», «*ffi»©a»©fc«E>K v a^©^p B i 

51@CD1f^«-^K:»f!l3txfcm#7 : - *Dxl BSD x 
N c «jtj£Mft£a > h a — 5 7 {Cffi* U . A^J 
StifcSfll-^cc. &fcMWm=i> hn-7 7 KJ: ^.rjg 
S3 ftfcSA^©^- ^DwlMDwNc *^4t,^ 
n^S-T-S. 9-;l/7^j|/^|sIK2 3-17& 

I23-Nc OHM«JA«x J» 1 ©^M^^STD 
MA fflBf H«^«#MSgP 4 - 1 © (• 5>X/<— 
^^5rSRt|BI«-C*« (E4#M. ) . CCf, ^S 

» 1 ©m^-C-9-^ft#«!«BK 16-1 BM 
18-JOi/y T^## 1 7!jM J IH2 ©»it^C± 



9 

m%<D is U T^## 1 TiSN c % , 3 <Dm^X±MZ 
[0 0 2 5 ] ilSlsi8S2 1 - lfrt>mjj£titcm 

mz* mmmm2 i -2£#^>it>^2 2-2&CA 

^^7>1f>^^2 2-2«A*^ti/cM-^*v 

^>if>^ 14 - mm 1 4-j<DH">7v>#m 
Wffii<D l/Nc >^u> ^jassajfrc y 9 > ^ 

g§2 3-2£/rbT»n#i§2 4&t&;ftT£o «TBI« 
CC. ilSHSS2 1-nc (nc = 2, 3. Nc- 

1 ) *6ffi*3ftfc«#te. 1 - (n c + 
1) i^^>if>^^2 2~ (nc+ 1) KA^Sft, 
«>t>772 2- (n c+ 1 ) «A#S*tfe«-St 

^>1f>^14-17!rM14-JCD1f>^y> 

yjaaas© i / n c ^<z>^>^ y >yjwaBrcy*>^ 

>^'y>^U h^>X^~" iJvl/? -fA* 

»2 3- (nc+i) ^/r u xnmm 2 4 oc aj^*r 

[0 02 6 ] -9-^flW«fflHEW 1 6 - 275M 1 6 - J 

- 17JS1 6- J^6ffl*3h4a»Jfloau6W»S 

(t) iLtffiW^ l»[H«««#*Hl»4tt, 
«#«ffllllJ8 1 6 - 1 71M 1 6 - J ft<D«ifc JxNci 
CDS b^>*^~-Uvl':7 -/ ;v^[ggS2 3 - 1 M2 3 - 
N c hfefi#f D x 1 7)SD x N c 

m^^ZY-fr [Y] cc^ur®jSM®M^>ba-^ 

7JCHEWS. *fc. mWMI-4IQBV4U:. £U£W 

[W] I^«f-^Dw 1 MDwN c dermis 
X. XN cffl©*h-7>^^— ^7 -f ;I/*@B 

2 3 -27^M2 3-Ncfc*^r*CfcA*Stite«# 

[0 027 ] &±<D£5K^2tltt7l'~TZ'7i-<D 

W®SI«Cc*j(i^», jfijSIWWMn > h n — 9 7 tt, m 
IB««»#«BSfB4*6fflASnS«^^b^ tY] 

T^2SM« (MMSE) a^*ffllr^cBfS031f£a«® 

tJxNc XM«©»*82 6 » 1 7!jS2 6 -M©fc» 
©&**««*SWU, &SU¥S2 6 - 1 7bM2 6 — M 

[0 02 8]SlSWl3>ba-77^ 36&C, T 
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6 ti/c?SS/»-^>^i^ s b 

p (m) £CCS^T, 06<D:?n~^- KC|l7^3 
hfcaU6MSI«HI*»fr S C t K <fc 9±IET U-T > 

g&£<TO5*ft tC 3* ;Hfc foj ftf £ tc#><D& nja y 7 # # > *S 
^fl 2 - 175S1 2 -6Cr>yr#£>*«Xi . "\ X 

^*j»ffi:a>hn--57tt, «njxy7**>* 

10 SR^-l 2- 175S1 2-6<DVT?$>AUXi , 

tt, «arr5»6 8K:*5W£, (t) 

sb p (m) iCDBB»f h) <D*31B-^^ h^*H-»-r 

iWW*fi3&s«^ci«c-SJ:5K:yT^*>^«Xi . 
X 2 , X« *frtltL. !>7*»^«Xi , X 2 , 

x. *6tt*yT^*>^««#*^rsEyr^*> 
or. ±ieru-r>7 : -^^gi ooo^t'-A^BifM 

[0029] ^m^m^>mmm<DTu-T 

[0030] p«<d^— yw^taj-rsN (n 

> 1 ) «(0*^-C««Sn*T>^TU-KSI*TS 

30 ^{t^, mim&i i^wtst$ti^A 

S*^ (Angle of Arrival ; AO A) £'fcl> 

) 0tA»lt t 7U-7>ft^ll0Otfi 

#a«^^A 1 (D-fifo^d = 0 4l8b5 B ^fi^ti^ff 

p (t) ^c<DJ:9(cftSft&. 
[0 03 1 ] 
[»1 ] 

s p (t) = £sb p (m) p p (t~mT) 

40 

[0 03 2] CCt, sb P (m) ttp#B©^-1f* 

p (t) ttft«2'>#^iftJ&*«-J-. TDMA^fA 
-Ctt, W¥R^>^«^Pp (t) tfS*0« 

50 [003 3] 
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UR2] 



/Dp( t ) = 2 C p ( j ) T 

i =0 



(t - j T c) 



(OSi t ^T> 

[0034] CC-C. {c„ (j)}, j=0, •", N 
Fr* t> » T tt* f 7"^PIT c t $>>#}lsmtcK) ©?- v 

( t ) feminism [ o , t c ] -rsftsnsiaiifbsn 

^JMRI^Ai-r-Si. Tc/A=2-C&*K £if^ 
U-F£f bitSi^^e-j H/-F«2xl 2 
7xf b-?*3*i£„ aBPHWi'— SUST* 

b)l> [x (t) ] » v &<DJ:9K£t;s*v&. «T. #H 

[003 5] 
[&3] 

[x (t) ] =ix[» (*,-> ] &\(x-zn 



p= ii =i 
= 1 & b p (m) 



Cg p (t~mT) 3 



[0 03 6] CCt, »3©4i<DN^7C^^ h-^ [g, 
( t ) ] *#5$;<D <fc 5 K P #B(D^-1«a*©l»aiH^ 

[0 03 7] 
[K4] 



[g p (t) ] =£[a (O ] feVp(t 
1 = 1 



[003 8] »•, r, •, f , » li-en-en, p# 
(aoa) . B#pisjaMaa^»&£*-r. setc, n 

^-"^ F^ [a (9) ] ttetC^jST'STU-^^T 

y:/^* f**«u sb P (m) s.?>*l, 

«K5£l >£frrS<t#fct> #£HSIfi5 (fractionally s 
paced) ©S^sJOWajgmf > 7 U > ^SftfciS^fcMS 

y > * ^ fttcm&temmofcwtmv femomm 
mfusncw^m^fh^ [x <t> ] 

[003 9] 

[gfc5] E { [x (t , ) ] [x (t, ) ] H } =E 
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{ [x (t , +T) ] [x <t, +T) 3 H } 

[ 0 0 4 0 ] C Z~C. [ • ] H E { • } 

<{£S2>t»$g-»tf>s b» (m) . p=l, 2, 

[004 1] 

E{sb, (m) s b, * (n) )=$,.« 8* . * 
[0 042] CCt. [•]*«**#«*. S.. .1* 
10 ^o^v ©T^l-^liB^&Tjrr,, 

<fi£3>Wt©?t>** [g. (t)}. p=l, 

2, ••, pa. Bf3e©f s -3fae%fT5Pj**»fcnfc 
mM<DmzMm>-ommmic*$t~c& n . brush 

[0, Dp T3 rtT*|R<Oj*»«p|BKi|-r*. 

[0 04 3]^K, #K7L'-7>f-tMl0 0ff 

JSjJSSK^-A 0 RogHWBtfFA 1 7?>SA 6 ^ffi^fcT U 

-7>ftisi o o^etUTj^nfc, MHftDttk>*fli 
ft#y (t) ». ^s-c^^ns (mt%m$M3 

A-P2000-44. SAT2000-41, M 
W2000-44, 2000*7flJ*#M). 
[0044] 

[»7] y (t) = [ i ] T [x (t) ] 

[0 04 5] *7c., Xf7'J>^ yiU [a (6») ] 

[0046] 

[1*8] [a (0) 3 = [1, exp(j (27tr/ 
30 A) cos (0)), — . exp (j (27rr//0 c 
o s (0-5X2tt/6) ) 3 T 
[0 04 7] CCt, T\y-<omWitv = A/4-C& 

1R3 (Cfe<r»T*HR<* fifcSSflW x F F A [' i 3 « 

[0048] 

MR9] [i3 =C [I+YX] - 1 [y. 3 
[0049] C Ct. I .3*ffifTWC*S. 
[0 05 0] 

40 [ilO] [y 0 ] = [y« t , yio, yio, y 
io. yio, yio. yio3 T 
[til] 



x = 



i x 6 



[«1 2] 



50 



Y = 



13 

Voo yio Vio yio yio yio Yio 

Yio Yn Yai Ysi y*i Ysi Y21 

yio yn yai Ysi y*i ysi 

yio y 3 i Y21 yn y 8 i y 3 x y<i 

y i0 y<i y 3 i *2i Yn y 2 i y S i 

yio y 3 i y<i y=i y 2 i Yn Yzi 

.Yio Yzj Ysi Y* 1 Ysi Yz 1 Yi 1 



[0 05 1 ] XttT>^^^*->*«»t*5^:»a> 

A*^>tr-y>^r*>3. x, , x B o\ 5Si£©J 

j&££«-T7 F ^>^M [ y 0 ] teHBilb/tT F 
to. 

[0 05 2] (a) y fl o ttifiSR? A0©&HAA7 

(b) y, 0 ItBKm^AOilHWBRT-AlTSSEAe 

(c) y, i l**ttSW^A17bSA6©aHA*TF 
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* (d) y, , «E^CcB86-r4#lifflaR*Al<!:A2, 
A 2 <b A 3 , A 3 £ A 4 v A4iA5 > A5iA6, 7!; 
!A6iAl©fe^7 FS 3r>X^t e 
(e) y 3 , ttra^Clo^fflfi3R- : f-«:»S^^-fe2 
^©iaSifAUAa, A2iA4, A3<fcA5, 
A4 £ A 6 „ A5iAh 7iM A 6 i A 2 ©ISdT F 5 

(f ) y* , UHH^A 0 tttS^lSlT* 2oO 
«WHfFAliA4, A2<LA5 > 71SA3<tA6© 
10 *S6TF5*>^**"T. 

[0 0 5 3 ] ffiKte£TU-T>^±SBl 0 0<D®IeI 

So Hl#St7U-7>ft8Il 0 0<D»£, 
<DWS»S*^6iBltt»CCC =13 1. 2 1 l> 5ffi£»T 
*1 0C«, T F 5 F;V [yo ] i7 F 

[0 054] 

Ml J 



20 



y 0 
y i 
y i 
y 2 
y 3 

Y4 



= 0. 0 0 8 6 0 0 35-0. 03 1 5 844 j 
= -0. 00372642 + 0. 0 0 7 2 3 1 9 j 
= 0. 0 09 6 22 95-0. 0 1 6 56 83 5 j 
= -0. 000377459+0. 0117867 j 
=0. 0 0 0 0 2 7 2 0 8 8 5-0. 0063736 j 
= 0. 001779525 + 0. 0 0 2208 3 35 j 



[0 05 5] Sfc3 CCftAl/^oSftlttJ***** 
"TSi, 7U-7>ftifil 0 0<D#— #-F#»6tti 

^sn/c^fffi^y (t) R^oj^Ktft-rt&OT? 

[0 05 6 ] 
MU 3 3 

y (t) - [i] T [x (t) ] 

= Z S s b P (m ) ga p (t-mTH-n (t) 

p = lai=-« 

[0 05 7] C CX\ m. 1 3 tC$£*l/c:fc©KI&*>. P 

[0 05 8] 

Mfcl 4] 

ga,(t) = [i] T [g p (t) ] 

^UHa ($ p > ] jV,(t-V) 

1 = 1 



[0 0 5 9] CC-C. Mt*§hSf (6>) «TU- 



30 7>f-}-&mi 0 0©^£->r 

[0 06 0] 

[8U5] f (0) = f (e. x, , • x s ) = 

[ i ] T [a (9) ] 

[0061] 2 Konisffi -r >^^j6Sg , ( t ) t 

[g. (t) 3 », 9i&*fcratf$Wi#IB**l''ti,» 
5. 

40 [0 062] 

[gfcl 6] E {n 2 (t) }=0 

[«1 7] E I n (t) I 2 = cr* 

[0 0 6 3] CC-C. a 2 tty-fXC^'y-^'r. 

[0 0 6 4] «9 75M»1 4<fcD. 7U-7>fttl 

1 0 0©ffi73ft-s§kyT££>XX, , X 2 , -, X 6 

[0 065] Jfcfc* «SW««e#*lJI»4"C»TS*l 

^^*y>^fC3^-c^-rs. 7u-7>ftiai 

50 0 0©"5J^'JTi'£>*5£ : Fl 2- 175M1 2-6*5. 



(9) 



15 



^xmmmTiotiz* b u^x ^13-1 ibm 1 
3- (j-i) icj6tf2>vi<>y*v >?mm*Ax*mis. 

y (i A+niT) 
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*z?<DmLttrz> 0 &tmm^y ct> £<gSEA2ccj:*m 

= i A + mT (CCT\ m&ffigCDgifc; i =0, 
1, J-l)rt>^y>m<i:, «13tK*SC 

[0 06 6] 
C*l 8] 



p=ld=0 



d) ga p (iA+dT) +n (iA+mT) 



( i =0, 1, J ~ 1 ) 

[0 0 6 7 ] S5EA 1 K:Easnfc»5Rco{i#<DHJt8flg 

ttS«tt»*Wflrrs£ (t^^R5SR4 r L . Tonq et 

al . , "Blind identification and equalization based 
onsecond-order statistics: a time domain appnoac 
h," IEEE Transaction. Information Theory, Vol. 40, 
pp. 340-349, March 1S94J #i e ) , H3iCH^^4l^ 



[0 06 8] 
[S19] 



[y b Cm) ] =2 £> b p (m-d) 

p=lil = 0 



Ch B (d) }f [nb (m) ] 



[0 06 9] CC-C, JXTtKOm^? bJl [y b 
(t) ] , Wffil«-f WW^lSSF-** hil/ [h 
P (d) K S(>V^fX<^f;Knb (m) ] BSXSS 

[0 07 0 ] 

[»2 0] [yb (m) ] = [y (mT) , y (mT- 

A) , y (mT- (J - 1 ) A) ] T 
[«2 13 [hp (d)] = [gra P (dT), ga, 
(d T — A) , ga p (dT-(J-l)A)] T 
[»2 2] [nb (m) ] = [n (mT) , n <mT- 

A) , n (mT- (J-l) A) ] T 
[0 07 l]SmOCOl^Sfi^[yb (m) ] <0*% 

van der Veen, "Resolutionlimits of blind multi-use 
r multi -channel identification scheme - the band-1 
imited case", in Proceedinq of ICASSP '96, Atlant 
a, GA, May 1996J KBHSftT^S. MM<OU>^Jl 

~[h p (0) ] ». [hp(D p ) ] 
0 [fa,(0) ] 



20*-<^ r ;U [Y T (m) ] 



p # B<0 3.- If S*<D{f # 



rJb [S P (m) ] JxM^-fX^b^fN 
(m) ] <fc**flW-4. 
[007 2] 

[«2 3] [Y T (m) ] = [yb (m> , yb (m- 
1) , y b (m-M+ 1) ] T 
[»24] [S, (m) ] = [s bp (m) . s b 
p (m- 1 ) , s b B (m-M-D, + 1) ] T 
C»2 5 3 [N (m) ] = [nb (m) , nb (m- 
30 1) , nb (m-M+ 1) ] T 

[0 07 3] a-lfM^pfc&Z&CDlsfr^AZ- (Sy 
lvester) tctcfr&&ftn%: , *CD^^>*JWD (D p 
+ 1 ) X J CDfiS OXtv) ©-f »WXJ6« [ [ h 
p (0) ] T [hp (1) ] T . [h 
p (D P ) ] T ] T (DTStHSKtS-Zt* »S©J:9ftM 
J x (M+Dp ) 2ttf?ftctt&. 
[0 07 4] 
[S»2 6] 



0 

[UDJ ] 



[h (0) ] 



o 

0 

[h D (Dj ] 



[0 0 7 5] CCT\ "0" tt, J^JOEOO^b^* [ Y T (m) ] ^[H^] CS^CmH + [N (m) ] 

[0076] [0077] iSDilfc:, TDMAfla«FK««ft#A&SSB4 

[«2 7 3 - 1 CC*j»S-9-^«#CcSt-rs^fctt, »Aot* 

50 tf-r4Ci*str*S„ 
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[0 07 8 ] 

[128] z T (m) = [W] T [Y T (m) ] 

[0079] ccr, 

[129] [W] = [w, . a . w,. c . ~. w 
It, H4 5CEI5%Snfc^bSr*5b^>^^-1f-^7 

2*** <mmse) mmtcm^x, 

tJvl/? ^ ;l/*@K2 3 - 1 ©fc»©*Sftc*5MS 

[0 0 8 0] 
[13 0] 
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*SC&KJ:gauHW»T*. [RrlMtr (v) ] 
[0 08 2] 

[13 2] [R T ] = E { [Y T (m) ] [Y 
t (m) ] H } 



[I 



(v) ]=E{sb 1 * (m-v) [Y 



10 



m l n 
[w] 



E|s b^m— v) — z T (m)| Z 



1 ] 



[13 

[W MM s e ] * = [Rt ] - 1 [r (v) ] 

[oo8i)ccr, sbi (m) ummco^-*?^ 

flv^ML/ciaW7^!/^y>y (causal filteri 

nq> <Dmmoj^m^mu-^^^m^<Dmmv^^> 0 
13 q $ tc % miwrnm^vn^i 

fcf^sbi (m-v) Jfflffzr (m) t<om 



20 



[33] [r 
r (m) ] } 

[0 0 8 3 ] jajJ3Wt»S3>hn-^7«v 13 17^ 

3 3cc<t^r**6n?at*«»^ [w] £B#p H i 

«««^«ffll«P4K:a*L, h-rt/ [W] 

W\ **J xMi©i»H2 6 ~ 17!>S2 6 -MCCfaO 

[Y T ] <bm#^n. 
fla#fi2 7Mi 7rjp»$nrm^^n^ 8 

/ci^zt (k) i?f^^>^i(DgJfl^ 
m^l>X . > h d - ^ 7 l3Lba©A!!ai*» 

^ilOT^3 0cr)MM^:iRmS#€>Citci;D, ffl*« 
fz T (k) ©OBKfi^^-ftA/MfcS**. £/c v 
7U-7>ftggl 0 0CDpJ^ t ;t^^>^^1 2 

b *wr * t ft <om^<o»mm^ v -\t. 

[0084] 
[134] 



#5£<D<fc 5 



T (m)| 2 



2 (v) I^^Ejsb^m-v) 

-Ejs b,<m-v)| 2 - [W^JIRJ [W^^]* 
= E|s b.dn)! 2 - [r (v) PTR^r (v) ] 



[0 08 5] xrkc». 13 *<D*/mam&*v- 
[t. yrzz^xmxi . x 6 <dhi-c$>& 0 

[0 0 8 6] ri/-7>ft8Bl 0 0<D*J^VT#Z 
>X^1 2-lM12-6^ 4*.6hfc«7^* 
>X<E<D*fey h 4f Tl» i ^©7 b-7>f t(D WS 
*DI$IH««#*®&* HSCCia^StifcCDMA 
fflB#IH«««#«!ffi»4 - 2 «rfl3l>fc»£tC-?i,>Tei93 

•rs. cDMA^t %m$rswmm\t, 

y ( 1 a T c - i A) 



^7 bl^*£ 1 3 - 17SM1 3 - ( J - 1 ) (CiJWS 

.*5*w<-if>:/>j>^««) % SMfy (t) * 
Bint=laTc-iA, (la \tUmWL : i = 0 , 

i, j - 1) -cif>^y>yT«i, ai 3ont» 

[0 0 8 7] 
[13 5] 



= S Z s b p< m > e a p ( 1 a T c - i A-mT) + n ( 1 a T c - i A) 

[0 08 8] gfWbSnfcgftfl^-y (laTc-i ★ [0089] 

A), i=0. -, J - 1 ZmfrWbZt. ite£©J:5 It36] 

[y v (1 a Tc) ] 

= Z Z s V m > v t O aTc-mT) 3 -tfn v (1 aTc) ] 

[0 09 0] CCt, [y v (1 aTc) ] , [gv, JkXfs A X^iTrct J cKju^ # b ^^rS^TSo 

(laTc)], [n v ( 1 aTc) ] *c<fc-?T, -eft [009 1 ] 

^ntlTO J: 5 tc, »***b^ fi#^V>40^ 50 [137] [yv (laTc) ] = [y (laTc) . 
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••*, y ( 1 aTc- (J - 1) A) ] T 
[838] [gv P (laTc)]=[ga p (laT 
c) . ssl v < 1 aTc- ( J - 1) A) ] T 
[S39] [n v ( 1 aTc) ] = [n ( 1 aTc) , 
n ( 1 aTc- ( J - 1) A) ] T 

[0 09 2] sEMitZhttPv'fm&tc-o^r:. ^S* 

[0 09 3] 

[84 0] ^(kTc-laTc) = 5 kI 

[0 094] Z<D±%, p#B<D^-1«B*0«tfe»tt 

[0 09 5] 

[84 1 ] 

p p ( 1 aTc) 

Nc-1 , v 
= H c p ( j) Y (1 aTc- j Tc) 
3=0 

Nc-1 ^ 
= £ c p ( j ) Si a j 
j =0 
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: (OSlaSNc-1) 

[0 09 6] «E4«»K:tSfcftR: 4 

[842] cb p (la)=c p (Nc-la), 0 

75M1 5- J&c£oT, p o SB^-lf^*©^* 

[0 09 7 ] 
[84 3] 
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= c p (l a) 



Xb (UTc) 

= N ^[y v (laTc-iTc)] p^N cTc — iTc) 

i *=o 

= E b p {m) [qv^l aTc-mT)] + [Xb.Ml aTc) 3 



p = 1 a.** — « 



[0 09 8] CCt, 5K 5K [85:44] 



No- 1 



[ q v p (po) ( 1 aTc) ] = g v p ( 1 aTc— iTc) ] c Vpo ( i ) 
i =o 

[£U5] 



[Xb„ (p ^l a Tc) ] = N 2Cn v(laTc-iTc)]c b Po ( i ) 

* = o 



[0 09 9] K19®^ t->U©je*{l:£ra*«:, l a ★ [S4 6] [Xc(kT)]=[[Xb(kT)] T , 
Tc4kT-jTc (CCt, 0^jSNc-l)ra [Xb (kT- (Nc-1) Tc) ] T ] T 

i, y-fm-^mwm&i e-mmi e-Nc^Ktsy [o 1 o 1 ] ^4 3ccj;fp, »4 e«, ^tsstci 

[0 10 2] 

[0 10 0] ★ [£U7] 

[Xc (kT) ] 



= £ 2> V»> Iqc^kT-mT)] + [Xc^kT) ] 
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CLAIMS 



[Claim(s)] 

[Claim 1] The radiating element for receiving a radio signal, and two or more parasitic elements 
in which only predetermined spacing was left and prepared from the above-mentioned radiating 
element, By having two or more variable reactive elements connected to two or more above- 
mentioned parasitic elements, respectively, and changing the reactance value of each above- 
mentioned variable reactive element In the control unit of the array antenna to which two or 
more above-mentioned variable reactive elements are operated as the wave director or a 
reflector, respectively, and the directional characteristics of an array antenna are changed The 
radio signal received in the above-mentioned array antenna is divided into the sub signal of two 
or more time domains. A time domain signal-processing means to perform signal processing of a 
time domain and to output as a processing signal by adding after carrying out the multiplication 
of the predetermined weighting factor to two or more sub signals which carried out [ above- 
mentioned ] division, respectively, Based on a predetermined study sequence signal and each 
above-mentioned sub signal, calculate the above-mentioned weighting factor and it outputs to 
the above-mentioned time domain signal-processing means so that the error signal of the 
above-mentioned processing signal and the above-mentioned study sequence signal may serve 
as min. The control unit of the array antenna characterized by having the ecad control means 
which calculates and sets up the reactance value of each above-mentioned variable reactive 
element so that the gradient vector of the predetermined criterion function which shows the 
value corresponding to the above-mentioned error signal may be calculated and the value of the 
above-mentioned criterion function may serve as min. 

[Claim 2] The radiating element for receiving a radio signal, and two or more parasitic elements 
in which only predetermined spacing was left and prepared from the above-mentioned radiating 
element, By having two or more variable reactive elements connected to two or more above- 
mentioned parasitic elements, respectively, and changing the reactance value of each above- 
mentioned variable reactive element In the control approach of the array antenna to which two 
or more above-mentioned variable reactive elements are operated as the wave director or a 
reflector, respectively, and the directional characteristics of an array antenna are changed The 
radio signal received in the above-mentioned array antenna is divided into the sub signal of two 
or more time domains. The step which performs signal processing of a time domain and is 
outputted as a processing signal by adding after carrying out the multiplication of the 
predetermined weighting factor to two or more sub signals which carried out [ above- 
mentioned ] division, respectively, Based on a predetermined study sequence signal and each 
above-mentioned sub signal, calculate the above-mentioned weighting factor and it outputs for 
signal processing of the above-mentioned time domain so that the error signal of the above- 
mentioned processing signal and the above-mentioned study sequence signal may serve as min. 
The control approach of the array antenna characterized by including the step which calculates 
and sets up the reactance value of each above-mentioned variable reactive element so that the 
gradient vector of the predetermined criterion function which shows the value corresponding to 
the above-mentioned error signal may be calculated and the value of the above-mentioned 
criterion function may serve as min. 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the control unit and the control approach of the array antenna to 
which the directional characteristics of the array antenna equipment which consists of two or 
more antenna elements can be changed, this invention is electronics control wave director array 
antenna equipment (it is called an ESUPA antenna below Electronically Steerable Passive Array 
Radiator (ESPAR) Antenna;.) to which directional characteristics can be changed especially 
accommodative, and relates to the control unit and the control approach of the array antenna 
which can process a TDMA input signal or a CDMA input signal. 
[0002] 

[Description of the Prior Art] An ESUPA antenna for example "The conventional technical 
re f erence 1 T.Ohira and "Microwave signalprocessing and devices for adaptive beamforming and 
"IEEE Antenna and Propagation society It is proposed in International Symposium vol.two, 
pp.583-586, Salt LakeCity, Utah July 16-21, and the patent application of 2000" and Japanese 
Patent Application No. No. 194487 [11 to ]. This ESUPA antenna can change the directional 
characteristics of the above-mentioned array antenna by having the array antenna which 
consists of the driven element by which a radio signal is transmitted and received, at least one 
parasitic element by which only predetermined spacing is left and prepared from this driven 
element, and a radio signal is not transmitted and received, and the variable reactive element 
connected to this parasitic element, and changing the reactance value of the above-mentioned 
variable reactive element. 

[0003] Moreover, multi-pass propagation and cochannel interference (CCI) exist in 
radiocommunication as two problems which have an adverse effect on a wireless system. These 
problems appear as the interference (ISI) between symbols resulting from the reuse of the 
frequency in a TDMA wireless system and cochannel interference, or multiuser access 
interference (MAI) in a CDMA wireless system, respectively. 

[0004] In order to solve the above trouble, the ecad processing (STAP) between space-time 
(refer to the conventional technical reference 2 "J.Paulraj et al. and "Space-time processing for 
wireless communications" IEEE Signal Processing Magazine, Vol.14, No.6, pp.49-83, and 
November 1997".) is proposed, and it is thought that this processing demonstrates the engine 
performance which stood high in control of both ISI and CCI. Recently, the approach of the ecad 
processing (STAP) between space-time is proposed and analyzed to TDMA or a direct diffusion 
(sequence) CDMA (DS-CDMA) radio communications system. 
[0005] 

[Problem(s) to be Solved by the Invention] However, implementation of the antenna array 
channel of a STAP system is complicated, and since it is high cost, it is difficult [ it ] to apply 
these widely actually especially in the situation that it is supposed like a wireless premises 
network system or a user-terminal machine that it is cost a very important element. This means 
that it is practical Important to develop the STAP system of cost easy a configuration and lower. 

[0006] The object of this invention solves the above trouble, and has an easy configuration as 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/09/14 



JP,2002-261531,A [DETAILED DESCRIPTION] 



2/19 ^— is 



compared with the conventional technique, and its manufacturing cost is cheap, and it is in 
offering the control unit and the control approach of an array antenna that space-time 
adaptation processing which is for an ESUPA antenna can be performed. 
[0007] 

[Means for Solving the Problem] A radiating element for the control unit of the array antenna 
concerning this invention to receive a radio signal, Two or more parasitic elements in which only 
predetermined spacing was left and prepared from the above-mentioned radiating element, By 
having two or more variable reactive elements connected to two or more above-mentioned 
parasitic elements, respectively, and changing the reactance value of each above-mentioned 
variable reactive element In the control unit of the array antenna to which two or more above- 
mentioned variable reactive elements are operated as the wave director or a reflector, 
respectively, and the directional characteristics of an array antenna are changed The radio signal 
received in the above-mentioned array antenna is divided into the sub signal of two or more time 
domains. A time domain signal-processing means to perform signal processing of a time domain 
and to output as a processing signal by adding after carrying out the multiplication of the 
predetermined weighting factor to two or more sub signals which carried out [ above- 
mentioned ] division, respectively, Based on a predetermined study sequence signal and each 
above-mentioned sub signal, calculate the above-mentioned weighting factor and it outputs to 
the above-mentioned time domain signal-processing means so that the error signal of the 
above-mentioned processing signal and the above-mentioned study sequence signal may serve 
as min. The gradient vector of the predetermined criterion function which shows the value 
corresponding to the above-mentioned error signal is calculated, and it is characterized by 
having the ecad control means which calculates and sets up the reactance value of each above- 
mentioned variable reactive element so that the value of the above-mentioned criterion function 
may serve as min. 

[0008] Moreover, the control approach of the array antenna concerning this invention The 
radiating element for receiving a radio signal, and two or more parasitic elements in which only 
predetermined spacing was left and prepared from the above-mentioned radiating element, By 
having two or more variable reactive elements connected to two or more above-mentioned 
parasitic elements, respectively, and changing the reactance value of each above-mentioned 
variable reactive element In the control approach of the array antenna to which two or more 
above-mentioned variable reactive elements are operated as the wave director or a reflector, 
respectively, and the directional characteristics of an array antenna are changed The radio signal 
received in the above-mentioned array antenna is divided into the sub signal of two or more time 
domains. The step which performs signal processing of a time domain and is outputted as a 
processing signal by adding after carrying out the multiplication of the predetermined weighting 
factor to two or more sub signals which carried out [ above-mentioned ] division, respectively, 
Based on a predetermined study sequence signal and each above-mentioned sub signal, 
calculate the above-mentioned weighting factor and it outputs for signal processing of the 
above-mentioned time domain so that the error signal of the above-mentioned processing signal 
and the above-mentioned study sequence signal may serve as min. The gradient vector of the 
predetermined criterion function which shows the value corresponding to the above-mentioned 
error signal is calculated, and it is characterized by including the step which calculates and sets 
up the reactance value of each above-mentioned variable reactive element so that the value of 
the above-mentioned criterion function may serve as min. 
[0009] 

[Embodiment of the Invention] Unlike the null formed with the conventional ecad algorithm, or 
the beam beforehand formed in advance of signal processing (formed in advance before), by this 
invention, the control unit and the control approach of an array antenna that a strange good 
beam pattern and the equalizer of a time domain can be used together, and ecad filtering 
between space-time can be realized are offered. It is thought that an ESUPA antenna has the 
capacity which forms a beam spatially towards a desired signal at the minimum cost. In this 
invention, the control unit and the control approach of an array antenna for realizing ecad 
filtering (STAF) between space-time using an ESUPA antenna for TDMA or a CDMA signal wave 
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form are proposed. 

[0010] Hereafter, the operation gestait of this invention is explained with reference to a drawing. 
[0011] Drawing 1 is the block diagram of the control device of the array antenna of the operation 
gestait concerning this invention. The control unit of the array antenna of this operation gestait 
is characterize by have the array antenna equipment 100 which consisted of ESUPA antennas of 
the conventional technique which is equip with one driven element AO , six parasitic elements 
A1 , or A6 , and becomes , the time domain signal processing section 4 which processes the 
radio signal received with the above-mentioned array antenna equipment 100 , and the adaptive 
control mold controller 7 which controls them , as show in drawing 1 . 

[0012] drawin g 1 — setting — array antenna equipment 100 — touch-down — it consists of a 
driven element AO prepared on the conductor 1 1 and a parasitic element A1 thru/ or A6 f and the 
driven element AO is arranged as surrounded in six parasitic elements A1 prepared on the 
periphery of a radius r thru/or A6. Preferably, on the periphery of the above-mentioned radius r, 
each parasitic element A1 thru/or A6 keep regular intervals mutual, and is prepared. Each driven 
element AO and a parasitic element A1 thru/or the die length of A6 are constituted so that it 
may become the abbreviation 1/4 of the wavelength lambda of a request wave, and the above- 
mentioned radius r is constituted so that it may become lambda/4. The feeding point of a driven 
element AO is connected to a low noise amplifier (LNA) 1 through a coaxial cable 9, and a 
parasitic element A1 thru/or A6 are connected to a variable reactive element 1 2-1 thru/ or 1 2-6, 
respectively, and these variable reactive elements 1 2-1 thru/or the reactance value of 1 2-6 are 
set up by the reactance value signal from the adaptive control mold controller 7. 
[0013] Drawin g 2 is drawing of longitudinal section of array antenna equipment 100. a driven 
element AO — touch-down — it insulates with a conductor 1 1 electrically — having each 
parasitic element AO thru/or A6 — a variable reactive element 12-1 thru/or 12-6 — minding 
touch-down — it is grounded in RF to a conductor 1 1. If a variable reactive element 12-1 
thru/or actuation of 12-6 are explained, when the die length of a radiating element AO, a 
parasitic element A1 , or the longitudinal direction of A6 is substantially the same (for example, 
when a variable reactive element 12-1 has inductance nature (L nature)), a variable reactive 
element 12-1 serves as an extension coil, and a parasitic element A1 thru/or the electric merit 
of A6 will become long as compared with a driven element AO, and it will work as a reflector, for 
example. On the other hand, when a variable reactive element 12-1 has capacitance nature (C 
nature), a variable reactive element 1 2-1 serves as a loading condenser, and the electric merit of 
a parasitic element A1 becomes short as compared with a driven element AO, and it works as 
the wave director. 

[0014] Therefore, in the array antenna equipment 100 of drawing 1 , the flat-surface directivity 
property of array antenna equipment 100 can be changed by changing the variable reactive 
element 12-1 thru/or the reactance value of 12-6 connected to each parasitic element A1 
thru/or A6. 

[0015] In the control unit of the array antenna of drawing 1 , array antenna equipment 100 
receives a radio signal, through a coaxial cable 9, the signal by which reception was carried out 
[ above-mentioned ] is inputted into a low noise amplifier (LNA) 1 , and is amplified, and, 
subsequently a down converter (D/C) 2 carries out low-pass conversion of the amplified signal 
at the signal (IF signal) of a predetermined intermediate frequency. Furthermore, A/D converter 
3 carries out A/D conversion of the analog signal by which low-pass conversion was carried out 
to a digital signal, and outputs the digital signal by which A/D conversion was carried out to the 
time domain signal-processing section 4. Subsequently, the time domain signal-processing 
section 4 divides into the sub signal of two or more time domains radio-signal y (t) received by 
array antenna equipment 1 00. By adding, after outputting the signal vector [Y] which consists of 
two or more divided sub signals to the adaptive control mold controller 7 and carrying out the 
multiplication of the predetermined weighting factor to two or more divided sub signals, 
respectively, signal processing of a time domain is performed and it outputs as processing signal 
z (t). And the adaptive-control mold controller 7 calculates an error signal by subtracting above- 
mentioned processing signal z (t) from the study sequence signal generated by the study 
sequence signal generator 6, and further, the adaptive-control mold controller 7 performs 
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adaptive-control processing by calculating the optimal weighting-factor vector [W], and 
outputting to the time-domain signal-processing section 4 so that an error signal may serve as 
min based on the above-mentioned study sequence signal and a signal vector [Y]. Specifically 
here the adaptive control mold controller 7 Based on a study sequence signal and each above- 
mentioned sub signal, calculate the above-mentioned weighting factor and it outputs to the time 
domain signal-processing section 4 so that the error signal of processing signal z (t) and a study 
sequence signal may serve as min. The gradient vector of the predetermined criterion function 
which shows the value corresponding to the above-mentioned error signal is calculated, and 
each variable reactive element 12-1 thru/or the reactance value of 12-6 are calculated and set 
up so that the value of the above-mentioned criterion function may serve as min. 
[0016] According to the digital data signal of a predetermined symbol rate including the same 
study sequence signal as the predetermined study sequence signal generated with the study 
sequence signal generator 6, the sending station which transmits the radio signal received with 
an array antenna 100 modulates the carrier signal of a radio frequency using digital modulation 
methods, such as QPSK, or the direct diffuse-spectrum diffusion becoming [ irregular ] method, 
carries out power amplification of the modulating signal concerned, and transmits it towards the 
array antenna equipment 100 of a receiving station. In the operation gestalt concerning this 
invention, before performing data communication, the radio signal which includes a study 
sequence signal towards a receiving station from a sending station is transmitted, and adaptive 
control processing by the adaptive control mold controller 7 is performed in a receiving station. 
[0017] Next, with reference to drawing 3 thru/or drawing 5 , the time domain signal-processing 
section 4 of drawin g 1 is explained more to a detail. Drawi ng 3 is the block diagram of the time 
domain signal-processing section 4-1 for TDMA which is the 1st operation gestalt of the time 
domain signal-processing section 4. two or more [ (shift register SR) 13-1 thru/or 13- (J-1) of 
two or more (J-1) individuals to which cascade connection of the time domain signal-processing 
section 4-1 for TDMA was carried out mutually, and ] — two or more [ J down samplers 14-1 
thru/or 14-J, and ] — it has J transversal filter circuits 23-1 thru/or 23-J, and an adder 17, and 
is constituted. The above-mentioned shift register (SR) 13-1 thru/or 13- (J-1) delay for it and 
output only 1 symbol period for an input signal based on the clock inputted, respectively. The 
multiplication of the weighting-factor data Dw1 which outputted the signal data Dx1 divided into 
the sub signal of two or more time delay thru/or DxJ to the adaptive control mold controller 7, 
and were calculated by the adaptive control mold controller 7 for the operation of a weighting 
factor thru/or the DwJ is carried out to each signal into which it was inputted, and the 
transversal filter circuit 23-1 thru/or 23-J output it to it. 

[0018] Input-signal y (t) outputted from A/D converter 3 of drawing 1 is inputted into a shift 
register 13-1 as the down sampler 14-1. The down sampler 14-1 carries out the down sampling 
of the inputted input-signal y (t) with a sampling frequency 1/J time the sampling frequency of 
A/D converter 3, and outputs the signal after processing to an adder 1 7 through the transversal 
filter circuit 23-1 which carries out the detail after-mentioned. The signal outputted from the 
shift register 13-1 is inputted into a shift register 13-2 as the down sampler 14-2. The down 
sampler 14-2 carries out the down sampling of the inputted signal with a sampling frequency 1/J 
time the sampling frequency of A/D converter 3, and outputs the signal after processing to an 
adder 17 through the transversal filter circuit 23-2. The signal outputted from shift register 13-j 
(j= 2, 3, — , J-1) is outputted to down sampler 14- (j+D and shift register 13- (j + D like the 
following. Down sampler 14- (j + D carries out the down sampling of the inputted signal with a 
sampling frequency 1/J time the sampling frequency of A/D converter 3, and outputs the signal 
after processing to an adder 17 through transversal filter circuit 23- (j+D- two or more 
[ furthermore, / into which the adder 17 was inputted ] — J signals are added and the signal of 
an addition result is outputted as processing signal z (t). 

[0019] Drawing 4 is the block diagram showing the configuration of the transversal filter circuit 
23-1 of drawing 3 . With the delay circuit 25-1 of two or more (M-1) individuals thru/or 25- (M- 
1) to which only 1/4 of one symbol thru/or the time amount of 1/2 were delayed, respectively, 
and cascade connection was mutually carried out, the transversal filter circuit 23-1 is equipped 
with two or more M multipliers 26-1 thru/or 26-M, and adders 27, and the signal inputted by 
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passing the down sampler 22-1 is constituted. The signal inputted into the transversal filter 
circuit 23-1 it outputs to the adaptive control mold controller 7 as data of a sub signal — having 
— and weighting-factor w, while being outputted to an adder 27 through the multiplier 26-1 
which has the multiplication multiplier of 1 and 1 It is outputted to an adder 27 through the delay 
circuit 25-1 of an individual (M-1) thru/or 25- (M-1) by which cascade connection was carried 
out mutually, and multiplier 26-M which has the multiplication multiplier of weighting factors w1 
and M. Here, the suffix of weighting-factor w expresses the transversal filter circuit 23-1 the 
serial number 1 of 23-J thru/or J with the 1 st suffix, and expresses each above-mentioned 
transversal filter circuit 23-1 the serial number 1 of the multiplier in 23-J thru/or M with the 2nd 
suffix, moreover — while the signal outputted from a delay circuit 25-1 is outputted to the 
adaptive control mold controller 7 — weighting-factor w — while the signal which is outputted 
to an adder 27 through the multiplier 26-2 which has the multiplication multiplier of 1 and 2, and 
is further outputted from a delay circuit 25-2 is outputted to the adaptive control mold 
controller 7 — weighting-factor w — it is outputted to an adder 17 through the multiplier 26-3 
which has the multiplication multiplier of 1 and 3. Like the following, the signal outputted from 
delay circuit 26-ma (ma=3, — , M-1) is outputted to an adder 27 through multiplier 26- (ma+1) 
which has a weighting factor w1 and the multiplication multiplier of ma+1 while it is outputted to 
the adaptive control mold controller 7. And an adder 27 adds M signals inputted and outputs the 
signal of an addition result to an adder 1 7. 

[0020] Moreover, with the delay circuit of two or more (M-1) individuals by which cascade 
connection was carried out mutually, the transversal filter circuit 23-2 of drawing 3 thru/or 23-J 
are equipped with two or more M multipliers and adders, and is constituted like the transversal 
filter circuit 23-1. The time domain signal-processing section 4 compounds the signal data Dx1 
outputted from each transversal filter circuit 23-1 thru/or 23-J thru/or DxJ to a signal vector 
[Y], and outputs it to the adaptive control mold controller 7. Moreover, the time domain signal- 
processing section 4 decomposes into the weighting-factor data Dw1 thru/or DwJ, and carries 
out the multiplication of the weighting-factor vector [W] inputted from the adaptive control mold 
controller 7 to the signal inputted there in each transversal filter circuit 23-1 thru/or 23-J. 
[0021] Drawing 5 is a block diagram of the time domain signal-processing section 4-2 for CDMA 
concerning the 2nd operation gestalt of the time domain signal-processing section 4 which 
replaces the 1st operation gestalt of drawing 3 . In this operation gestalt, instead of the 
transversal filter circuit 23-1 concerning the 1 st operation gestalt thru/or 23-J They are J 
matched filters (it is also called a matched filter.) two or more. [ matched filter; ] It is 
characterized by having 15-1 thru/or 15-J, and the sub digital disposal circuit 16-1 thru/or 16- 
J connected to each above-mentioned matched filter 15-1 thru/or 15-J. The other 
configuration is the same as that of the time domain signal-processing section 4-1 for TDMA of 
the 1st operation gestalt, and the detailed explanation is omitted. 

[0022] In drawing 5 , J-1 shift register 13-1 thru/or 13- (J-1) by which cascade connection was 
carried out mutually, and J down samplers 14-1 thru/or 14-J is constituted like the time domain 
signal-processing section 4-1 for TDMA. The signal outputted from the down sampler 14-1 is 
inputted into a matched filter 15-1, and a matched filter 15-1 detects the request wave signal 
buried into white noise with the greatest SN ratio based on the data Dcp of the diffusion sign of 
the user terminal of a request wave into which the signal by which the down sampling was 
carried out is inputted from the controller (not shown) of a receiver, and, specifically, outputs a 
pulse signal for every period of a diffusion sign. Subsequently, the signal from a matched filter 
15-1 is outputted to an adder 17 through the sub digital disposal circuit 16-1 which carries out 
the detail after-mentioned. Moreover, the signal outputted from the down sampler 1 4-2 is 
outputted to an adder 17 through a matched filter 15-2 and the sub digital disposal circuit 16-2. 
Each matched filter 1 5-j (j = 3, 4, — , J) outputs like the following the signal outputted from down 
sampler 14-fa to an adder 17 through sub digital-disposal-circuit 16-j. 

[0023] Subsequently, the detail configuration of the sub digital disposal circuit 1 6-1 of drawing 5 
is explained. With the delay circuit 21-1 of two or more (Nc-1) individuals thru/or 21- (Nc-1) by 
which cascade connection was carried out by having the predetermined time delay Tc, 
respectively, the sub digital disposal circuit 16-1 is equipped with two or more transversal filter 
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circuits 23-1 of Nc individual thru/or 23-Nc(s), and adders 24 with the down sampler 22-1 of Nc 
individual thru/or 22-Nc, and are constituted. [ two or more ] The signal outputted from the 
matched filter 15-1 is outputted to a delay circuit 21-1 and the down sampler 22-1. The down 
sampler 22-1 carries out the down sampling of the inputted signal with a sampling frequency 
1/Nc time the sampling frequency [ the down sampler 14-1 thru/or ] of 14-J, and outputs the 
signal after processing to an adder 24 through the transversal filter circuit 23-1. 
[0024] The transversal filter circuit 23-1 thru/or 23-Nc output the signal data Dx1 thru/or DxNc 
divided into the sub signal of two or more time delay for the operation of a weighting factor to 
the adaptive control mold controller 7, and carries out the multiplication of the data Dw1 thru/or 
DwNc of a weighting factor calculated by the adaptive control mold controller 7 to each inputted 
signal, respectively. The transversal filter circuit 23-1 thru/or the detail configuration of 23-Nc 
are the same as that of the transversal filter circuit of the time domain signal-processing section 
4-1 for TDMA concerning the 1st operation gestalt (refer to drawing 4 .). Here, in order to 
distinguish each weighting-factor w by which multiplication is carried out, the serial number 1 of 
the transversal filter circuit in each above-mentioned sub digital disposal circuit thru/or Nc shall 
be expressed with the 2nd suffix, and the suffix of weighting-factor w shall express the serial 
number 1 of the multiplier in each above-mentioned transversal filter circuit thru/or M with the 
1st suffix for the sub digital disposal circuit 16-1 the serial number 1 of 16-J thru/or J by the 
3rd suffix. 

[0025] Moreover, the signal outputted from the delay circuit 21-1 is inputted into a delay circuit 
21-2 and the down sampler 22-2, and the down sampler 22-2 carries out the down sampling of 
the inputted signal with a sampling frequency 1/Nc time the sampling frequency [ the down 
sampler 14-1 thru/or ] of 14-J, and outputs the signal after processing to an adder 24 through 
the transversal filter circuit 23-2. Like the following the signal outputted from delay circuit 21 -nc 
(nc= 2, 3, — , Nc- 1) It is inputted into delay circuit 21- (nc+1) and down sampler 22- (nc+1). 
Down sampler 22- (nc+1) carries out the down sampling of the inputted signal with a sampling 
frequency 1/Nc time the sampling frequency [ the down sampler 14-1 thru/or ] of 14-J. The 
signal after processing is outputted to an adder 24 through transversal filter circuit 23- (nc+1). 
Furthermore, an adder 24 adds the signal of a two or more Nc(s) individual inputted, and outputs 
the signal of an addition result to an adder 1 7. 

[0026] The interior is constituted by the sub digital disposal circuit 16-2 thru/or 16-J as well as 
the sub digital disposal circuit 16-1. two or more [ to which an adder 17 is outputted from the 
sub digital disposal circuit 16-1 thru/or 16-J ] — J signals by which adaptive control was 
carried out are added, and the signal of an addition result is outputted as processing signal z (t). 
The time domain signal-processing section 4 compounds the signal data Dx1 thru/ or DxNc 
outputted from the sub digital disposal circuit 16-1 each transversal filter circuit 23-1 of the two 
or moreJxNc individual in 16-J thru/or 23-Nc to a signal vector [Y], and outputs it to the 
adaptive control mold controller 1. Moreover, the time domain signal-processing section 4 
decomposes into the weighting-factor data Dw1 thru/or DwNc, and carries out the multiplication 
of the weighting-factor vector [W] inputted from the adaptive control mold controller 7 to the 
signal inputted there in each transversal filter circuit 23-2 of a two or moreJxNc individual 
thru/or 23-Nc. 

[0027] In the control unit of the array antenna constituted as mentioned above The adaptive 
control mold controller 7 is based on the signal vector [Y] outputted from the time domain 
signal-processing section 4, and a predetermined study sequence signal, a minimum of [ for 
example, ] — an error signal serves as min using the predetermined adaptive control algorithm 
using error (MMSE) criteria the 2nd [ an average of] power — as — two or more — each 
weighting factor for the JxNcxM piece multiplier 26-1 thru/or 26-M is calculated, and it is fed 
back and set as each multiplier 26-1 thru/or 26-M. 

[0028] The adaptive control mold controller 7 outputs the reactance value signal for controlling 
the directivity of array antenna equipment 100 further. The adaptive control mold controller 7 
here For example, the sub signal generated in the time domain signal-processing section 4 
before consisting of digital computers, such as a computer, and starting data communication, It 
is based on the study sequence signal sbp (m) generated with the study sequence signal 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/09/14 



JP,2002-261531,A [DETAILED DESCRIPTION] 



7/19 /<— V 



genera tor 6. By performing adaptive control processing illustrated by the flow chart of drawing 6 
It is characterized by calculating and setting up each variable reactive element 12-1 for turning 
the main beam of the above-mentioned array antenna equipment 100 in the direction of a 
request wave, and turning null in the direction of an interference wave thru/or the reactance 
values X1, — , X6 of 12-6. The adaptive control mold controller 7 is made to specifically precess 
each variable reactive element 12-1 thru/or the reactance values X1, — , X6 of 12-6 only for 
predetermined shift-amount delta X one by one. The gradient vector of the predetermined 
criterion function (function fh with the study sequence signal sbp in several 68 later mentioned 
with this operation gestalt (m) by which generating was carried out [ above-mentioned ] with the 
sub signal calculated from input-signal y (t)) which makes each reactance value a variable is 
calculated. Subsequently, the reactance values X1 f X2, — , X6 are calculated so that the criterion 
function value concerned may serve as max based on the calculated gradient vector. The 
reactance value signal which consists of reactance values X1 f X2, — , X6 is turned and outputted 
to a variable reactive element 12-1 thru/or 12-6. By it [0029] set up so that the main beam of 
the above-mentioned array antenna equipment 100 may be turned in the direction of a request 
wave and null may be turned in the direction of an interference wave Subsequently, the control 
unit of the array antenna of the operation gestalt concerning this invention and the principle of 
the control approach are explained. 

[0030] The model of the signal which arrives at the antenna array which consists of components 
of N (N> 1) individual which has introduction and P persons' user terminal is considered, the 
radio signal transmitted from the sending station — touch-down — incidence is carried out by 
the incident angle (it is also called an arrival angle (Angle of Arrival;AOA).) theta defined in the 
flat surface containing a conductor 11, and it is received by array antenna equipment 100. With 
this operation gestalt, the direction of a parasitic element A1 is determined as theta= 0 focusing 
on a driven element AO. The baseband wave signal sp of the p-th user terminal of the signal 
transmitted (t) is expressed as follows. 
[0031] 
[Equation 1] 

= 2 s V m > P P (t-mT> 

[0032] Here, sbp (m) shows the m-th information symbol concerning the signal of the p-th user 
terminal, and rhop (t) expresses an information symbol wave. By the TDMA system, to the signal 
of each user terminal, information symbol wave rhop (t) has many same things, and is considered 
as a cosine modulated wave form by which the spread spectrum was carried out. T shows the 
symbol persistence time or a symbol period. In a CDMA system, a degree type is materialized 
and this is called the pulse-shape plastic surgery function of the p-th user terminal. 
[0033] 
[Equation 2] 

A>(t> = N lTc p (j) T (t- j Tc) 
j = 0 

(0 <=t<=T) 

[0034] It is the {cp (j)}, j= 0, — , diffusion code by which Nc-1 was assigned to the p-th user 
terminal, T is symbol duration time equal to the product of the chip spacing Tc and the number 
Nc of chips per symbol here, and psi (t) is a chip wave signal which is defined by the time 
amount section [0, Tc] and which it normalized. Furthermore, when an over sampling technique 
period is set to delta, it is Tc/delta =2, and when a transmission bit rate is set to fb, a symbol bit 
rate is expressed with 2x127xfb. The diffusion sign sequence may be periodic depending on the 
specification to adopt, or may be aperiodic, this application description considers the case of 
being periodic. The array input-signal vector [x (t)] of N dimension received with the array 
antenna equipment without a noise which consists of an antenna element of N individual is 
expressed as follows. Hereafter, a vector or a matrix is expressed with [-] in this application 
description. 
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[0035] 
[Equation 3] 

[x (t) ] =XI)[a (6,'} ] £*s B (t-T, p ) 

p = ll = 1 

= Z 2 s b P (m ) Cgp(t-mT) ] 

p — i m— -oo 

[0036] Here, several 3 inner N dimension vector [gp (t)] is called the channel impulse response 
between space-time of the symbol wave signal between space-time of the p-th user terminal, or 
symbol level like a degree type. 
[0037] 
[Equation 4] 

[gp<t) ] = ]T[a (O ] £Vp<t-0 

[0038] thetalp, taulp, and xilp express the arrival angle (AOA) corresponding to the l-th path, the 
time delay, and the propagation loss of a signal of the p-th user terminal, respectively. 
Furthermore, N dimension vector [a (theta)] expresses the Ares tearing vector corresponding to 
theta, and sbp (m) and Lp show the total of the m-th information symbol concerning the signal of 
the p-th user terminal, and a multi-pass wave, respectively. The following matters are assumed 
to several 3 component. 

<Assumption 1> The signal to receive is the periodic steady state of a wide sense, when sampled 
the symbol period of fraction spacing (fractionally spaced), and when sampled at a symbol rate, it 
is the steady state of a wide sense. The signal vector [x (t)] of the periodic steady state of a 
wide sense is defined by the degree type. 
[0039] 

[Equation 5] E{[x(t1)][x(t2)]H}=E{[x(tl+T)][x(t2+T)]H} 

[0040] Here, [-] H shows conjugation transposition and E {-} shows statistical expected value, 
the Assumption 2> information symbol sbp (m) and p= — 1, 2, — , P are independence and the 
same distribution, and fill a degree type. 
[0041] 
[Equation 6] 

E {sbp(m) sbp* (n)} =deltap, qdeltam, n [0042] Here, [-] * shows a complex conjugate and deltap 
and q show a Kronecker's delta function. 

the channel {gp (t)} of Assumption 3> plurality, and p= — between the periods by which 1, 2, — , 
the interest to which P carries out predetermined data communication were held — linearity — 
and it is eternal in time and belongs to the persistence time of finite within the time amount 
section [0, DpT]. 

[0043] Next, it formulizes about the model of the signal received especially with array antenna 
equipment 100. Input-signal y (t) without the noise outputted from array antenna equipment 100 
equipped with the driven element AO which drawing 1 shows and a parasitic element A1 thru/or 
A6 is specified by the degree type (see the conventional technical reference 3 "Ohira 
"equivalence wait vector [ of an ESUPA antenna ] and array factor expression", Institute of 
Electronics, Information and Communication Engineers technical report, A-P 2000-44, SAT 
2000-41, and MW2000-July, 2000 [ 44 or ]"). 
[0044] 

[Equation 7] y(t)=[i]T[x(t)] 

[0045] Moreover, a steering vector [a (theta)] is expressed with a degree type. 
[0046] 

[Equation 8] [a(theta)] =(1, and [exp 0(2pi r/lambda) cos (theta)), — , exp Q(2pi r/lambda) cos 
(theta-5x2pi/6))]) T [0047] Here, the diameters of an array are r=lambda/4, lambda expresses 
the wavelength of the radio frequency of a request wave, and the equivalence wait vector [i] 
considered in the conventional technical reference 3 is drawn like a degree type. 
[0048] 
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[Equation 9] [i]=C[I+YX]-1 [yO] 
[0049] Here, I is a unit matrix. 
[0050] 

[Equation 10] [yO] =[y00, y10, y10, y10, y10, y10. y10] T — [Equation 11] 

~R 0 O 
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[0051] X is a reactance matrix for adjusting the pattern of an antenna, R0=50ohm is the input 
impedance of a radio set, and X1, — , X6 are parameters outputted as a reactance value signal 
from the adaptive control mold controller 7. The admittance matrix to which Y expresses the 
cross coupling between the components of an antenna, and [yO] are the related admittance 
vectors, and contain the following [ component / the ]. 
[0052] (a) yOO expresses the self-input admittance of a driven element AO. 

(b) y10 expresses a driven element AO, a parasitic element A1, or the joint admittance of A6. 

(c) y1 1 expresses a parasitic element Al thru/or the selfHnput admittance of A6. 

(d) y21 expresses the joint admittance of the parasitic element A1 which adjoins mutually, A2 
and A2, A3 and A3, A4 and A4, A5 and A5, A6, or A6 and A1 . 

(e) y31 expresses the joint admittance of two parasitic elements A1 located in a line on both 
sides of one parasitic element in between, A3, A2, A4 and A3, A5 and A4, A6 and A5, A1 , or A6 
and A2, and (f) y41 express two parasitic elements A1 which counter on both sides of a driven 
element AO, A4, A2 and A5, or the joint admittance of A3 and A6. 

[0053] Because of reciprocity and the patrol-symmetric property of array antenna equipment 
100, only six components are independent as mentioned above. Moreover, C is a multiplier about 
the gain of an antenna. When it is array antenna equipment 100 which drawing 1 shows, the value 
of C= 131.2 has been acquired from the actual measurement result in approximation. The 
admittance vector [yO] and a different input value (entry) to admittance-matrix Y are shown in a 
table 1. 
[0054] 
[A table 1] 

y 00=0.00860035-0.031 5844jy 1 0=~ 

0.00372642+0.007231 9jy 1 1 =0.00962295-0.01 656835jy21 =- 

0.000377459+0.01 1 7867jy31 =0.00002720885-0.0063736jy41 =0.001 779525+0.002208335j 

[0055] If several 3 is substituted for several 7 and additive 

noise is taken into consideration, input-signal y (t) outputted from the single port of array 

antenna equipment 100 can be expressed like a degree type. 

[0056] 

[Equation 13] 

y (t) = Ci] T [x (t) ] 

= Z 2> b p (m) g a p (t -mT>r-n (t) 

p=lm=-« 

[0057] Here, the following function contained in several 13 is also called the symbol wave signal 
between space-time of the p-th user terminal. 
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[0058] 

[Equation 14] 

g a p (t) = [i] T [g p (t) ] 

= £[iHa «?) ] 6V B < t - z») 

1=1 
1 = 1 

[0059] Here, f (theta) expressed with a degree type is the pattern of array antenna equipment 

100. 

[0060] 

[Equation 1 5] fCtheta) =f(theta, X1 f — , X6) = [i] T [a (theta)] 

[0061] The impulse response gp between [ of two ] space-time (t) and [gp (t)] have the clearly 

same persistence time. Additive noise has satisfied the following assumptions. 

<Assumption 4> additive noise is a white noise of a zero average with which the following two 

formulas are filled, and was not correlated with the signal of a user terminal. 

[0062] 

[Equation 16] E{n2(t)} =0 — [Equation 17] E|n(t) |2=sigma2[0063] Here, sigma2 express the 
power of a noise. 

[0064] As for several 9 thru/or several 14, the output signal of array antenna equipment 100 
also shows that it is the nonlinear function of reactances X1, X2, — , X6. 

[0065] Next, ecad filtering between space-time for removing the signal which is not desirable 
performed in the time domain signal-processing section 4 is explained. The variable reactive 
element 12-1 of array antenna equipment 100 thru/or 12-6 perform time processing of the 
control unit of the array antenna when having the set of the given reactance value first using the 
time domain signal-processing section 4-1 for TDMA illustrated by drawing 3 . In the case of 
TDMA, processing is performed based on a symbol wave signal. A shift register 13-1 thru/orthe 
sampling period in 13- (J-1) are expressed with delta, and let J=T/delta (J is one or more 
integers) be the multiplier of over sampling technique. If input-signal y (t) is sampled by 
assumption A2 by time amount t=i delta+mT (here, m the integer of arbitration; i= 0, 1, — , J-1), 
several 13 will become like a degree type. 
[0066] 

[Equation 18] 

y (i A+ttiT) 

= il s V m ~ d ' ga p (iA+dT> +n (iA-hmT) 

p=ld=0 

(i= 0,1,~, J-1) 

[0067] The periodic steady state of the signal of the terminal described by the assumption A1 If 
it uses () [ conventional technical reference 4"LTong ] et al., "Blind identification and 
equalization based onsecond-order statistics : a time domain approach and" IEEE 
Transaction.Information Theory, Vol.40, pp.340-349, and refer to March 1 994." The approach of a 
multichannel model that the transversal filter circuit 23-1 which is the equalizer of fraction 
spacing illustrated by drawing 3 thru/or 23-J were extended is easily establishable like a degree 
type. 
[0068] 

[Equation 19] 

[yb (m) ] = £ £s b p (m-d) [h p (d} ]+ [nb (m) ] 

p = H = 0 

[0069] Here, the impulse response vector between [ of J dimensions ] signal vector [yb (t)] 
space-time [hp (d)] and a noise vector [nb (m)] are expressed with a degree type. 
[0070] 

[Equation 20] [yb(m)] =(y (mT), and [y (mT-deita), — , y (mT-(J-1) delta)]) T — [Equation 21] 
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[hp(d)] =(gap (dT), and [gap (dT-delta), — gap (dT-(J-1) delta)]) T — [Equation 22] [nb(m)] =(n 
(mT), and [n (mT~delta), — , n (mT-(J-1) delta)]) T [0071] The dimension of an input signal [yb 
(m)] is J each about m, and J is called "the number of over sampling technique channels/' About 
the limitation of the number of extended channels by over sampling technique, the conventional 
technical reference 5 (A.J.van der Veen, "Resolutionlimits of blind multi-user multi-channel 
identification scheme~the band-limited case", and "in Proceeding of ICASSP T 96, Atlanta, GA and 
May 1 996") argues. About the continuation sample in the period of a symbol of M pieces, the 
following JxM dimension signal vector [YT (m)], the symbol vector [Sp (m)] which consists of an 
information symbol of the M+Dp individual concerning the signal of the p-th user terminal, and a 
JxM dimension noise vector [N (m)] are formed. 
[0072] 

[Equation 23] [YT(m)] =(yb (m), and [yb (m-1), — , yb (m-M +1)]) T — [Equation 24] [Sp(m)] = 
(sbp (m), and [sbp (m-1), — , sbp (m-M-Dp +1)]) T — [Equation 25] [N(m)] =(nb (m), and [nb (m- 
1), — , nb (m-M +1)]) T [0073] next Silvester (Sylvester) concerning user-terminal p — if it 
collapses and the term of impulse response [ of the die length (dimension) of x(Dp+1) J of the 
channel ] [[hp(0)] T, [hp(D] T, — [hp(Dp)] T] T defines a matrix, it will become a MJx (M+Dp) 
degree matrix like a degree type. 
[0074] 

[Equation 26] 

Th p (0) ] - [h p (D p ) ] 0 ' 0 

0 [h p (0) ] »- Ch p (D p ) ] 0 0 

0 ... ~ 0 Lh p (0) ] - [h p (D p > ] 

[0075] Here, "0" expresses zero J-dimensional vector. Several 19 is extensible to a degree type. 
[0076] 

[Equation 27] 

[Y» ] =|:CH p ( ^] [S p (m>] + [N (m) ] 
p = i 

[0077] Therefore, equalization to the sub signal in the time domain signal-processing section 4-1 

for TDMA can be performed by the degree type. 

[0078] 

[Equation 28] zT(m)=[W]T[YT(m)] 

[0079] It is here and is [Equation 29]. [W] =[ — w — it is a weighting-factor vector for 1, 0, — , 
wJO, — , w1, M-1, — and the transversal filter circuit 23-1 that is the equalizer with which wJ 
and M~1]T were illustrated by drawing 4 . the minimum average square error (MMSE) criteria — 
being based — the optimal weighting factor for the transversal filter circuit 23-1 — the solution 
from several 30 — it is given by the solution of him and the well-known Wiener-hop, several 31 
[ i.e., ]. 
[0080] 

[Equation 30] 

mi n Els bXm — v) — z T (rn)| 
[W] 1 1 11 

[Equation 31] 
[WMMSE]*=[RT]-1[r(v)] 

[0081] Here, sb1 (m) is the study sequence signal of the signal of a desired user terminal, and 
v>=0 is delay of a study sequence signal required for implementation of causal filtering (causal 
filtering) in consideration of a time delay v. Adaptive control of the adaptive control mold 
controller 7 is carried out by calculating a weighting-factor vector [W] so that the error of the 
signal sb1 (m~v) with which only the predetermined time delay v was delayed in the study 
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sequence signal, and the processing signal zT (m) may serve as min so that clearly from several 
30. [RT] and [r (v)] are the correlation vectors between the temporal phase Seki matrix of the 
signal vector calculated as follows, respectively, a study sequence signal, and a signal vector. 
[0082] 

[Equation 32] [RT]=E{[YT(m)][YT(m)]H} 
[Equation 33] [Kv)>E{sb1*(m-v)[YT(m)]} 

[0083] The adaptive control mold controller 7 outputs the weighting-factor vector [W] searched 
for by several 31 thru/or 33 to the time domain signal-processing section 4, in the multiplier 26- 
1 of a JxM individual thru/or 26-M, the multiplication of two or more weighting-factor vectors 
[W] is carried out to a signal vector [YT], the signal of a multiplication result is added with 
adders 27 and 17, and they are outputted. The adaptive control mold controller 7 makes the 
residuum power of an output signal zT (k) minimize by repeating above-mentioned processing 
and completing several 30 error based on the error signal of the Signal zT (k) and the study 
sequence signal which were outputted. Moreover, the minimum residuum power in case the 
variable reactive element 12-1 of array antenna equipment 100 thru/or 12-6 have the set of the 
given reactance value is called for like a degree type. 
[0084] 

[Equation 34] 

^mmseV) l Xa ,.., ^=E|s b^m-v) -z T (m)| 2 

= E|s b^m- v )| 2 ~ CW MMSE 7[R T ] [W^J* 
= E|s b.dn)! 2 - [r (v) PTR^r <v> ] 

[0085] Actually, the minimum residuum power of several 34 is the function of the reactance 
values X1 , — , X6. 

[0086] The variable reactive element 12-1 of array antenna equipment 100 thru/or 12-6 explain 
the case where the time domain signal-processing section 4-2 for CDMA illustrated by drawing 5 
next in time domain processing of the control unit of the array antenna when having the set of 
the given reactance value is used. In the case of CDMA, the time domain processing concerned 
is performed to pulse-shape plastic surgery functions and those related matched filters 15-1 
thru/or the output signal from 15-J. the sampling period in a shift register 13-1 thru/or 13- (J- 
1) — delta=Tc/J — being shown (over sampling technique multiplier whose J is the natural 
number) — input-signal y (t) — time amount t=IaTc-idelta and (la — natural number;i= — if it 
samples by 0, 1, — , J-1), the discrete format of several 13 will become like a degree type. 
[0087] 

[Equation 35] 

y ( 1 a T c - i A) 

= Z Z s V m > aTc- i A-mT) +n ( 1 a T c - i A) 

[0088] If the discretized input signal y (laTc-idelta), i= 0, — , J-1 are accumulated, a signal 

vector like a degree type will be acquired. 

[0089] 

[Equation 36] 

[y v (1 a T c) ] 

= £ 5> b p (m) [gv p (l a T c -mT) ] Hfn v ( 1 a T c) ] 

p = lm= — «e 

[0090] Here, [yv (laTc)], [gvp (laTc)], and [nv (laTc)] mean as follows a signal vector, the symbol 
wave signal between space-time, and the J-dimensional vector that shows a noise, respectively. 
[0091] 

[Equation 37] [yv(laTc)] =[y (laTc), — , y (laTc-(J-l) delta)] T — - [Equation 38] [gvp(laTc)] =[gap 
(laTc), — , gap (laTc-(J-l) delta)] T — [Equation 39] [nv(laTc)] =[n (laTc), — , n (laTc-(J-l) 
delta)] T [0092] A degree type is assumed about the chip wave which it normalized. 
[0093] 
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[Equation 40] psi(kTcHaTc) =deltaki [0094] At this time, the discrete pulse-shape plastic surgery 

function of the p-th user terminal is shown by the degree type. 

[0095] 

[Equation 41] 

p p ( 1 a T c ) 

Nc~l , s 
= 2_c p (j)*F(laTc-]Tc) 
j =0 

Nc-1 
= £ c p ( j ) Si a j 
j -0 

= c p (l a) 

(0 <=la<=Nc -1) 

[0096] It is [Equation 42] in order to simplify a notation. If cbp(la) =cp (Nc-la) and 0 <=la<=Nc -1, 
a degree type can show the output-signal vector after carrying out back-diffusion of gas of the 
pulse-shape plastic surgery function of a pO position user terminal by the matched filter 1 5-1 
thru/or 1 5-J. 
[0097] 

[Equation 43] 

Xb (1 aT c) 

= N ^[yv (UTc-iTcllpjNcTc-iTc) 

i = o 

= S 2 s V m > Uv p CtJo> (] aTc-mT)] + [Xb^l aTc) ] 

[0098] It is here and is [Equation 44]. 

[a 1 aTc) ] = K £[g v p ( 1 a T c - i T c ) ] c Vpo ( i ) 

3=0 

[Equation 45] 

[X bJ PQ> ( 1 aTc) ] = N ^Cn v ( 1 a T c - i T c ) ] c b Po ( i ) 

3 =0 

[0099] Like formulation of several 19 vector, laTc is expressed with kT-jTc (here, it is 0 <=j<=Nc 
-1), and the signal vector of the sub digital disposal circuit 1 6—1 thru/or the symbol level in 16- 
Nc is defined like a degree type. 
[0100] 

[Equation 46] [Xc(kT)] =[[Xb(kT)] T, — [Xb(kT-(Nc~D Tc)] T] T [0101] By several 43, a degree 

type can show several 46. 

[0102] 

[Equation 47] 

[Xc (kT) ] 

= Z 2 s V m > Cq c p (po) (kT-mT)] + [Xc ft w (kT) ] 

p — lm= — «© 

[01 03] It is here and is [Equation 48]. 

[q c^kT) ] 

= [ Eqv/HkT) ] T ,.-, U v p Cp °>(kT- (Nc-1) Tc) ] T ] T 

[Equation 49] 

[Xc„ w (kT) ] 

= [ _Xb„ <pJ {kT) ] T [Xb„ w (kT- (Nc-1) Tc) T? 

[0104] From assumption 3, it is the wave signal of a JxNc dimension. 
[Equation 50] 

[qc p W (kT) ] 
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It is known that ********** is restricted. Therefore, several 47 can be expressed like a degree 

type. 

[0105] 

[Equation 51] 

[Xc (kT) ] = _> bjk-d) Uc^dT)] 

+ 2 Jsb t (k-d) [q c^dT) Jf [Xc„MkT) ] 

p-ld-D 

P*PD 

[0106] It is here and is [Equation 52]. 

It is the die length of the symbol level of ** and a pO position user-terminal channel. Several 51 
shows that the 2nd term contains the cross-correlation component which the signal from the 
user terminal which is not desirable piled up to the 1st term of the right-hand side including all 
the components of the signal from a desired user terminal. The above-mentioned cross- 
correlation component must be oppressed. Based on several 51, ecad processing of symbol level 
can be performed like a degree type. 
[0107] 

[Equation 53] 

z c (k) =sWiJ T [Xc { (k-1 b) T) ] = [W] T [Y c (k) ] 

1 b=0 

[0108] Here, the signal vector [YC (k)] and weighting-factor vector [W] of a JxNcxM dimension 

are expressed with a degree type. 

[0109] 

[Equation 54] [YC(k)] =[[Xc(kT)] T, — , [Xc(kT-(M-1) T)] T] T [0110] 
[Equation 55] 

[W] = [[w0] T, — , [wM-1] T] 

[Equation 56] [wma] — = — [ — w — one — one — ma — w — two — one — ma — wJ — 
one — ma — w — one — two — ma — w — two — two — ma — wJ — two — ma — w — 
one — Nc — ma — w — two — Nc — ma — wJ — Nc — ma — ] — T (ma= 1 , 2, — , M) — 
[01 1 1] Several 56 is a weighting factor by which multiplication is carried out to a signal vector 
[YC (kT)] f and the weighting-factor vector [W] of several 55 is generated from all those 
weighting factors. The transversal filter circuit 23-1 thru/or the number M of taps of 23-Nc are 
the die length [several 57] of the symbol level of a pO position user-terminal channel. 

It is chosen according to the number of user terminals of the same channel, and performance 
requirements. Based on MMSE criteria, several 58 [ i.e., ], the optimal weighting-factor vector is 
acquired like several 59 like the processing in the case of TDMA. 
[0112] 

[Equation 58] 

i |2 

min Esbjk-v) -z c (k) 

[W] \ Po I 

[Equation 59] 

[ Wpo ]*= [Rcl'^Jv) ] 

[0113] Here, the correlation vector [gammapO (v)] of the temporal phase Seki matrix [Rc] of a 
signal vector, and a study sequence signal and a signal vector is expressed with a degree type, 
respectively. 
[0114] 
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[Equation 60] 
[RC]=E{[YC(k)][YC(k)]H} 
[Equation 61] 

Lr P0 (v) ] =E {sb po *(k-v) [Y c (k) ] } 

[0115] It is here and is [Equation 62]. 

s b Po (k) 

The study sequence signal (study symbol sequence) of a ** pO position user terminal is shown. 
The error of the signal sbpO (k-v) with which only the predetermined time delay v was delayed in 
the study sequence signal, and the processing signal zC (k) is minimized, and adaptive control of 
the adaptive control mold controller 7 is carried out by calculating a weighting-factor vector [W] 
so that the control device of an array antenna may output the best engine performance so that 
clearly from several 58. The adaptive control mold controller 7 outputs the weighting-factor 
vector [W] searched for by several 59 thru/or 61 to the time domain signal-processing section 4, 
in the transversal filter circuit 23-1 of a JxNc individual thru/or 23-Nc, multiplication is carried 
out to a signal vector [YC], the signal of a multiplication result is added in an adder 24, and a 
weighting-factor vector [W] is outputted from the sub digital disposal circuit 16-1 thru/or 16- 
Nc. The adaptive control mold controller 7 makes the residuum power of processing signal z (k) 
outputted minimize by repeating above-mentioned processing and making it converge based on 
the error signal of the processing signal z (k) and the study sequence signal which are outputted. 
The minimum residuum power when having the set of a reactance value with which the variable 
reactive element 12-1 of array antenna equipment 100 thru/or 12-6 were given like several 34 is 
expressed like a degree type. 
[0116] 

[Equation 63] 

^c^ SE 2 < v ) | Xi ,.., _ = E|a k - v } - z c (m)| 2 

= E|s hj k - v )f- [W^CRJ [WJ* 

= e| s bjk)| z - [ rpo (v> HRjrTr^v) ] 

[0117] As explained above, while the adaptive control mold controller 7 carries out adaptation 
processing of the request signal in a time domain in the time domain signal-processing section 4, 
it can process a request signal in a space field in array antenna equipment 100 (space-time 
concomitant use ecad filtering). The above-mentioned content shows that it may be included [ in 
TDMA ] by the approach that both formulation of processing is the same also in CDMA, when 
the variable reactive element 12-1 of array antenna equipment 100 thru/or 12-6 have the set of 
a predetermined reactance value. Hereafter, processing signal z (m) expresses the processing 
output in the case of both TDMA and CDMA, and this is expressed with a degree type. 
[0118] 

[Equation 64] z(m)=[W]T[Y(m)] 

[0119] As mentioned above, a signal vector [Y (m)] is the function of a variable reactive element 
12-1 thru/or the reactance value of 12-6 again, and ecad filtering which uses together 
processing between the optimal space-time to the signal of the p-th user terminal is written like 
minimizing several 65 simultaneously with reference to a weighting-factor vector [W] and the 
reactance values X1, X2, — , X6, several 66 [ i.e., ]. 
[0120] 

[Equation 65] 

sigmatotal2=E|sbp(m-v)-z(m) |2 — [Equation 66] 

(Xh x ,..., Xh 6 , Wh) opt 

=a r g m i n e|s b p (m- v) - [W] T [Y (m) f 

[0121] Under the set of the given data, it is known that the solution method of the optimal 
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weighting-factor vector and reactance value of several 66 is activation of the global retrieval on 
the associated field. However, it is impossible to use actually the global retrieval which such time 
amount requires. Therefore, it is necessary to consider a certain alternate method. 
[0122] The most fundamental approach also in the optimization approach is the alternative 
searching method (alternative search) based on a coordinate, and is applied with the result 
sufficient for many applications. On this application descriptions, several 66 optimization problem 
is solved using the alternative searching method based on this coordinate. 
[0123] Subsequently, the renewal algorithm of a block for performing actually the above- 
mentioned space-time concomitant use ecad filtering is explained. In the above explanation, the 
procedure which calculates a weighting-factor vector [W] was explained, having assumed that it 
had the value to which the variable reactive element 12-1 thru/or the reactance value of 12-6 
were given beforehand. The following parts of this application description explain adaptive control 
processing of the reactance value of the array antenna equipment 100 performed by the 
adaptive control mold controller 4 based on the flow chart of drawin g 6 . In the point of the 
alternative retrieval based on a coordinate, several 66 optimization problem is formulized from 
two phases of procedures in which views differ. First, it assumes that the reactance values X1 , 
X2, — , X6 are being fixed as explanation of a general procedure, and the optimal weighting- 
factor vector is dispelled. This is shown in several 31 or several 59. Therefore, several 66 
becomes like a degree type. 
[0124] 

[Equation 67] 

(Xh v ..., Xh 6 ) opt 

=a r g mi n E|s b p (m~v) - [W opt ] T [Y (m) ]f 
=a r g mi n Js|s b p (m)| 2 - [r (v) 3»[R]- l [r (v) ]} 
=a r g mink 2 -[r (v)] H [R]- 1 [r <v) ]} 

*i x 6 

[0125] It is here and is [Equation 68]. [Wopt]*=[R]-1 [r(v)] 
[Equation 69] [R]=E{[Y(m)][Y(m)]H} 
[Equation 70] 
[r(v)]=E{sbp*(m-v)[Y(m)]} 

[0126] The time delay v of a study sequence signal is beforehand determined by the adaptive 
control mold controller 7 so that the error of the study sequence signal with which only time 
amount v was delayed, and processing signal z (t) may be minimized based on several 30 and 
several 58 criteria. Moreover, a degree type is the power of the symbol signal of the p-th user 
terminal. 
[0127] 

[Equation 71] sigmap2=E|sbp(m) |2[0128] Subsequently, the procedure of the renewal of a block 
which solves an optimization problem is explained more concretely. The optimal reactance value 
is looked for according to the die length to which received data were restricted, and several 67, 
and the correlation vector [r (v)] of the temporal phase Seki matrix [R] of a signal vector, and a 
study sequence signal and a signal vector is presumed by it. That is, the following two operations 
are performed. 
[0129] 

[Equation 72] 

[Rh] =-L- mt 2 _ [Y (m) ] [Y (m) T i x ,.... Xc 
[Equation 73] 

[rh ( V ) ] =_L £ sb^m-v) [Y (m)] | Xl ,_. ^ 

[0130] here — mk=Ntl and l= — it is 0, 1, — , Mt and Mt shows the number of data blocks 
required for convergence. Under the set of the given reactance value, the number Nt of symbols 
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is chosen by the activity of the 2nd [ an average of] power (LMS) algorithm of the minimum so 
that it can be completed as a steady state by the weighting-factor vector [W] within the symbol 
period of Nt individual. A formula, such as relating to several 7, several 9, several 1 3, several 26, 
several 54, and these, shows that a signal vector [Y (m)] is not the function with which the 
reactance values X1 , X2, — , X6 were expressed explicitly, that is, the term [r (v)] [R] H of the 
secondary format of a correlation vector — it means that -1 [r (v)] is the implicit function of the 
reactance values X1, X2, — , X6. 

[0131] the term [r (v)] [R] H an updating algorithm suitable in order to discover the optimal 
reactance (Xh1, Xh2, — , Xh6) opt to an implicit function is the maximum dive algorithm for 
updating a reactance, and concerning the reactance values X1, X2, — , X6 — the gradient vector 
of -1 [r (v)] must be evaluated. Term [r (v)] [R] H — since -1 [r (v)] is evaluated according to 
the given data block to which die length was limited — the renewal algorithm of a block — Term 
[r (v)] [R] H — it is constituted about the estimate based on the data block of -1 [r (v)]. A 
degree type is assumed as a criterion function. 
[0132] 

[Equation 74] 

[f h (x,, x 2 , x 6 ) ] 

= <xh p 2 - [rh (v) ] H [Rh]- x [rh (v) ] |^ ^ 

[0133] Here, the 2nd term of the right-hand side makes a variable the reactance values X1, — , 
X6. sigmahp2 is the power by which the symbol signal of the p-th user terminal was evaluated. In 
the context of the maximum dive algorithm (see the conventional technical reference 6 
"R.A.Monzingo et al., "Introduction to Adaptive Arrays", John Wiley & Sons, Inc., and 1980"), the 
following updating equations for performing adaptive control processing to a reactance value are 
obtained from several 74. 
[0134] 

[Equation 75] 

Xv Ck+1) -Xv Ck) ~aV Xv fh (Xv) l Xv = Xv < k > 

[0135] It is here and is [Equation 76]. Xv=[X1, X2, — , X6] T — [Equation 77] Xv(k) =[X1 (k), X2 
(k), — , X6 (k)]T[0136] 
[Equation 78] 

V Xv f h (Xv) = [v Xi f h CXp-. x 6 ) ..... v Xe fh (x,,..., X 6 ) ] T 

[Equation 79] 

v Xi f h (X,,-, X- L ,.", x 6 ) 

«[f h (X ia - f XffAX,-, X 6 ) - f h (X,,..., X,,.-., X 6 ) ] /AX 

[0137] Here, alpha is a step size for updating, for example, takes the value of 1000 thru/or 2000. 
[0138] The procedure of renewal of the reactance value by the adaptive control processing 
illustrated by drawing 6 is performed as follows. In step S1, the number epsilon which controls 
the number of occurrence of renewal of a reactance value is set up, and the count k of updating 
of a reactance is further set to 0 as an initial state. Next, in step S2, initial value [ of a reactance 
value vector ] Xv (0) = (X1 (0), X2 (0), — , X6 (0)) is set up, and subsequently, in step S3, the 
reactance value signal corresponding to the reactance value vector Xv (k) is generated, and it is 
outputted and set as a variable reactive element 12-1 thru/or 12-6. For example, the initial 
value of a reactance value vector can be set as zero vector, and an updating algorithm can be 
started from an omnidirectional beam pattern (see drawing 9 ). And in step S4, based on an 
input-signal vector [Y (m)] and the study sequence signal vector sbp (m), a matrix of correlation 
[R] and a correlation vector [r (v)] are calculated, the optimal weight vector [Wopt] is calculated 
using several 68 using several 72 and several 73, and it outputs to the time domain signal- 
processing section 4. Subsequently, in step S5, the inclination of a criterion function fh is 
calculated using several 78 and several 79, and the reactance value vector Xv (k+1) is further 
calculated from the reactance value vector Xv (k) by several 75. Subsequently, in step S6, it is 
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determined whether the inequality of a degree type is materialized. 
[0139] 

[Equation 80] 

| fh(Xv (k))-fh(Xv (k+1)) K^epsilon [0140] Here, epsilon is a repetitive threshold, when several 80 
inequality is materialized in step S6, while progressing to step S8, when not materialized, it 
progresses to step S7, only 1 increments k, and (NO) returns to step S3. In step S8, the 
reactance value signal corresponding to the reactance value vector Xv (k+1) is generated, it is 
outputted and set as a variable reactive element 12-1 thru/or 12-6, and adaptive control 
processing is ended. 

[0141] If ecad filtering between space-time based on the ESUPA antenna explained above is 
used, the steering of the beam of array antenna equipment 1 00 can be carried out in the arrival 
direction of a request signal, a spatial interference can be oppressed, and a time interference of 
ISI contained by the time domain signal-processing section 4 in an input signal can be 
oppressed. 
[0142] 

[Example] this invention persons performed computer simulation about the control unit of the 
array antenna of drawing 1 , and confirmed the effectiveness of ecad filtering between space- 
time by using the control unit of this array antenna. In this simulation, it is a premises network 
system, and the signal of the DS-CDMA user terminal of the 15 same channels exists, and let a 
user 1 be a request user. The code die length of the signal of all user terminals is set as 1 27. 
The Gaussian distribution of AOA of the path of the signal of each user terminal set up so that 
the signal of each user terminal might have six multi-pass waves and an include angle might have 
spacing of 8 times mutually is carried out, and those time delay assumes that it is a thing 
according to the exponential distribution which have the delay which spread 1.1 symbol period. 
The propagation loss of a multi-pass wave shall be included by SNR of the array component of 
the direct wave of the signal of a user terminal. In this case, SNR to the signal of a user's 1 
terminal is assumed to be -10dB, and SNR of the signal of all other user terminals changes at 
random by -26.55dB thru/or -4.76dB. Moreover, all user terminals shall be uniformly distributed 
in the visual field of array antenna equipment 100. A table 2 has indicated the detailed parameter 
of the signal a user's 1 terminal. 
[0143] 
[A table 2] 

Path theta (degree) tau (symbol) xi (propagation loss) 

1 12 .30 0 - 0.9669+0.2550J2 21.50 0.04 0.7437- 

0.3081j3 20.20 0.05 - 0.5206-0.51 00j4 8.70 0.12 - 0.3081 -0.4569j5 23.40 0.33 -0.1806+0.3931J6 

13.20 0.47-0.1 91 2+0.1 275j [0144] Here, the over 

sampling technique multiplier was set up with J= 1, and the number of taps of a transversal filter 
circuit is set up with M= 1. As mentioned above, a variable reactive element 12-1 thru/or 12-6 
are [Equation 81]. When it has the set of a given reactance value like Xv=[-53, -136, 61, 51 and 
59, -146] T, Nt is the measurement size of symbol level and can converge the weighting-factor 
vector of several 64 to the steady state of several 68 with the conventional LMS algorithm 
based on this. 

[0145] Drawing 7 is a graph showing an example of the convergence curve of the residuum 
power for determining the measurement size Nt of the symbol level converged on a steady state 
in adaptive control processing of drawing 6 . It turns out that a weighting-factor vector is 
converged to the steady state within the symbol period of about 200 so that clearly from drawing 
7 . This means that number Nt=200 of a symbol period are employable. Repeatedly [ of the 
reactance of this simulation ], Nt^OO are adopted as the number of symbol periods. In order to 
show the behavior in the case of convergence of an updating algorithm, data block number 
Mt=7x20 and the repetitive threshold epsilon= 1x10-10 of several 81 sake are set up. 
[0146] drawing 8 — drawing 6 — adaptive control — processing — setting — a data block — 
updating — a sake — a criterion function — a value — convergence — a curve — an example 
— being shown — a graph — it is — ^_awLng_9 — drawing 6 — adaptive control — processing - 
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- having performed — the time — a reactance — a value — a vector — initial value Xv (- 

- zero — ) — = (0, 0, 0, 0 f 0, 0) — corresponding — an array antenna — equipment — 1 00 a 
beam — a pattern — a graph — it is . It starts from the initial value Xv of this reactance value 
vector (0), adaptive control processing of drawing 6 is performed and updated, and a beam 
pattern in case the counts k of updating are 2 times, 4 times, 9 times, 13 times, and 19 times, 
respectively is shown in d rawin g 1 0 thru/or drawi ng 14 . AH the multi-pass waves of the signal of 
a desired user terminal are included with a steady state pattern, and are strengthened, and it 
turns out that the multi-pass wave of the signal of the user terminal which is not desirable is 
mitigated with the lower order lobe of a steady state pattern so that clearly from a table 2 and 
drawin g 14 . It is clear from these two drawings by carrying out beam pattern formation of array 
antenna equipment 100, and time equalization of the input signal in the time domain signal- 
processing section collectively that ecad filtering between space-time is effectively realizable. 
[0147] 

[Effect of the Invention] As explained in full detail above, according to this invention, the radio 
signal received in the ESUPA antenna is divided into the sub signal of two or more time domains. 
By adding, after carrying out the multiplication of the predetermined weighting factor to two or 
more sub signals which carried out [ above-mentioned ] division, respectively, perform signal 
processing of a time domain and it outputs as a processing signal. Based on a predetermined 
study sequence signal and each above-mentioned sub signal, calculate the above-mentioned 
weighting factor and it outputs to the above-mentioned time domain signal-processing means so 
that the error signal of the above-mentioned processing signal and the above-mentioned study 
sequence signal may serve as min. The gradient vector of the predetermined criterion function 
which shows the value corresponding to the above-mentioned error signal was calculated, and it 
constituted so that the value of the above-mentioned criterion function might serve as min and 
the reactance value of each above-mentioned variable reactive element might be calculated and 
set up. Therefore, as compared with the conventional technique, it has an easy configuration, 
and a manufacturing cost is cheap and space-time adaptation processing which is for an ESUPA 
antenna can be performed. Moreover, a cochannel-interference signal can be spatially controlled 
on an effective target by accommodative beam pattern formation, and a symbol interference 
signal can be controlled on an effective target by ecad equalization based on a time wave. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] About the control unit and the control approach of the array antenna to 
which the directional characteristics of the array antenna equipment which consists of two or 
more antenna elements can be changed, this invention is electronics control wave director array 
antenna equipment (it is called an ESUPA antenna below Electronically Steerable Passive Array 
Radiator (ESPAR) Antenna;.) to which directional characteristics can be changed especially 
accommodative, and relates to the control unit and the control approach of the array antenna 
which can process a TDMA input signal or a CDMA input signal. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] An ESUPA antenna for example "The conventional technical 
reference 1 T.Ohira and "Microwave signalprocessing and devices for adaptive beamforming and 
"IEEE Antenna and Propagation society It is proposed in International Symposium vol.two, 
pp.583-586, Salt LakeCity, Utah July 16-21, and the patent application of 2000" and Japanese 
Patent Application No. No. 194487 [11 to ]. This ESUPA antenna can change the directional 
characteristics of the above-mentioned array antenna by having the array antenna which 
consists of the driven element by which a radio signal is transmitted and received, at least one 
parasitic element by which only predetermined spacing is left and prepared from this driven 
element, and a radio signal is not transmitted and received, and the variable reactive element 
connected to this parasitic element, and changing the reactance value of the above-mentioned 
variable reactive element. 

[0003] Moreover, multi-pass propagation and cochannel interference (CCI) exist in 
radiocommunication as two problems which have an adverse effect on a wireless system. These 
problems appear as the interference (ISI) between symbols resulting from the reuse of the 
frequency in a TDMA wireless system and cochannel interference, or multiuser access 
interference (MAI) in a CDMA wireless system, respectively. 

[0004] In order to solve the above trouble, the ecad processing (STAP) between space-time 
(refer to the conventional technical reference 2 "J.Paulraj et al. and "Space-time processing for 
wireless communications" IEEE Signal Processing Magazine, Vol.14, No.6, pp.49-83, and 
November 1 997".) is proposed, and it is thought that this processing demonstrates the engine 
performance which stood high in control of both ISI and CCI. Recently, the approach of the ecad 
processing (STAP) between space-time is proposed and analyzed to TDMA or a direct diffusion 
(sequence) CDMA (DS-CDMA) radio communications system. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained in full detail above, according to this invention, the radio 
signal received in the ESUPA antenna is divided into the sub signal of two or more time domains. 
By adding, after carrying out the multiplication of the predetermined weighting factor to two or 
more sub signals which carried out [ above-mentioned ] division, respectively, perform signal 
processing of a time domain and it outputs as a processing signal. Based on a predetermined 
study sequence signal and each above-mentioned sub signal, calculate the above-mentioned 
weighting factor and it outputs to the above-mentioned time domain signal-processing means so 
that the error signal of the above-mentioned processing signal and the above-mentioned study 
sequence signal may serve as min. The gradient vector of the predetermined criterion function 
which shows the value corresponding to the above-mentioned error signal was calculated, and it 
constituted so that the value of the above-mentioned criterion function might serve as min and 
the reactance value of each above-mentioned variable reactive element might be calculated and 
set up. Therefore, as compared with the conventional technique, it has an easy configuration, 
and a manufacturing cost is cheap and space-time adaptation processing which is for an ESUPA 
antenna can be performed. Moreover, a cochannel-interference signal can be spatially controlled 
on an effective target by accommodative beam pattern formation, and a symbol interference 
signal can be controlled on an effective target by ecad equalization based on a time wave. 



[Translation done.] 



http://www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje 



2007/09/14 



JP,2002-261531,A [TECHNICAL PROBLEM] 



1/1 s<—is 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, implementation of the antenna array 
channel of a STAP system is complicated, and since it is high cost, it is difficult [ it ] to apply 
these widely actually especially in the situation that it is supposed like a wireless premises 
network system or a user-terminal machine that it is cost a very important element. This means 
that it is practical Important to develop the STAP system of cost easy a configuration and lower. 

[0006] The object of this invention solves the above trouble, and has an easy configuration as 
compared with the conventional technique, and its manufacturing cost is cheap, and it is in 
offering the control unit and the control approach of an array antenna that space-time 
adaptation processing which is for an ESUPA antenna can be performed. 
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MEANS 



[Means for Solving the Problem] A radiating element for the control unit of the array antenna 
concerning this invention to receive a radio signal, Two or more parasitic elements in which only 
predetermined spacing was left and prepared from the above-mentioned radiating element, By 
having two or more variable reactive elements connected to two or more above-mentioned 
parasitic elements, respectively, and changing the reactance value of each above-mentioned 
variable reactive element In the control unit of the array antenna to which two or more above- 
mentioned variable reactive elements are operated as the wave director or a reflector, 
respectively, and the directional characteristics of an array antenna are changed The radio signal 
received in the above-mentioned array antenna is divided into the sub signal of two or more time 
domains. A time domain signal-processing means to perform signal processing of a time domain 
and to output as a processing signal by adding after carrying out the multiplication of the 
predetermined weighting factor to two or more sub signals which carried out [ above- 
mentioned ] division, respectively, Based on a predetermined study sequence signal and each 
above-mentioned sub signal, calculate the above-mentioned weighting factor and it outputs to 
the above-mentioned time domain signal-processing means so that the error signal of the 
above-mentioned processing signal and the above-mentioned study sequence signal may serve 
as min. The gradient vector of the predetermined criterion function which shows the value 
corresponding to the above-mentioned error signal is calculated, and it is characterized by 
having the ecad control means which calculates and sets up the reactance value of each above- 
mentioned variable reactive element so that the value of the above-mentioned criterion function 
may serve as min. 

[0008] Moreover, the control approach of the array antenna concerning this invention The 
radiating element for receiving a radio signal, and two or more parasitic elements in which only 
predetermined spacing was left and prepared from the above-mentioned radiating element, By 
having two or more variable reactive elements connected to two or more above-mentioned 
parasitic elements, respectively, and changing the reactance value of each above-mentioned 
variable reactive element In the control approach of the array antenna to which two or more 
above-mentioned variable reactive elements are operated as the wave director or a reflector, 
respectively, and the directional characteristics of an array antenna are changed The radio signal 
received in the above-mentioned array antenna is divided into the sub signal of two or more time 
domains. The step which performs signal processing of a time domain and is outputted as a 
processing signal by adding after carrying out the multiplication of the predetermined weighting 
factor to two or more sub signals which carried out [ above-mentioned ] division, respectively, 
Based on a predetermined study sequence signal and each above-mentioned sub signal, 
calculate the above-mentioned weighting factor and it outputs for signal processing of the 
above-mentioned time domain so that the error signal of the above-mentioned processing signal 
and the above-mentioned study sequence signal may serve as min. The gradient vector of the 
predetermined criterion function which shows the value corresponding to the above-mentioned 
error signal is calculated, and it is characterized by including the step which calculates and sets 
up the reactance value of each above-mentioned variable reactive element so that the value of 
the above-mentioned criterion function may serve as min. 
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[0009] 

[Embodiment of the Invention] Unlike the null formed with the conventional ecad algorithm, or 
the beam beforehand formed in advance of signal processing (formed in advance before), by this 
invention, the control unit and the control approach of an array antenna that a strange good 
beam pattern and the equalizer of a time domain can be used together, and ecad filtering 
between space-time can be realized are offered. It is thought that an ESUPA antenna has the 
capacity which forms a beam spatially towards a desired signal at the minimum cost. In this 
invention, the control unit and the control approach of an array antenna for realizing ecad 
filtering (STAF) between space-time using an ESUPA antenna for TDMA or a CDMA signal wave 
form are proposed. 

[0010] Hereafter, the operation gestalt of this invention is explained with reference to a drawing. 
[0011] Drawing 1 is the block diagram of the control device of the array antenna of the operation 
gestalt concerning this invention. The control unit of the array antenna of this operation gestalt 
is characterize by have the array antenna equipment 100 which consisted of ESUPA antennas of 
the conventional technique which is equip with one driven element AO , six parasitic elements 
A1 , or A6 , and becomes , the time domain signal processing section 4 which processes the 
radio signal received with the above-mentioned array antenna equipment 100 , and the adaptive 
control mold controller 7 which controls them , as show in drawin g 1 . 

[0012] drawing 1 — setting — array antenna equipment 100 — touch-down — it consists of a 
driven element AO prepared on the conductor 11 and a parasitic element A1 thru/or A6, and the 
driven element AO is arranged as surrounded in six parasitic elements A1 prepared on the 
periphery of a radius r thru/or A6. Preferably, on the periphery of the above-mentioned radius r, 
each parasitic element A1 thru/or A6 keep regular intervals mutual, and is prepared. Each driven 
element AO and a parasitic element A1 thru/or the die length of A6 are constituted so that it 
may become the abbreviation 1/4 of the wavelength lambda of a request wave, and the above- 
mentioned radius r is constituted so that it may become lambda/4. The feeding point of a driven 
element AO is connected to a low noise amplifier (LNA) 1 through a coaxial cable 9, and a 
parasitic element A1 thru/or A6 are connected to a variable reactive element 12-1 thru/or 12-6, 
respectively, and these variable reactive elements 12-1 thru/or the reactance value of 12-6 are 
set up by the reactance value signal from the adaptive control mold controller 7. 
[0013] Drawing 2 is drawing of longitudinal section of array antenna equipment 100. a driven 
element AO — touch-down — it insulates with a conductor 1 1 electrically — having — each 
parasitic element AO thru/or A6 — a variable reactive element 12-1 thru/or 12-6 — minding — 
touch-down — it is grounded in RF to a conductor 1 1. If a variable reactive element 12-1 
thru/or actuation of 12-6 are explained, when the die length of a radiating element AO, a 
parasitic element A1, or the longitudinal direction of A6 is substantially the same (for example, 
when a variable reactive element 12-1 has inductance nature (L nature)), a variable reactive 
element 12-1 serves as an extension coil, and a parasitic element A1 thru/or the electric merit 
of A6 will become long as compared with a driven element AO, and it will work as a reflector, for 
example. On the other hand, when a variable reactive element 12-1 has capacitance nature (C 
nature), a variable reactive element 12-1 serves as a loading condenser, and the electric merit of 
a parasitic element A1 becomes short as compared with a driven element AO, and it works as 
the wave director. 

[0014] Therefore, in the array antenna equipment 100 of drawing 1 , the flat-surface directivity 
property of array antenna equipment 100 can be changed by changing the variable reactive 
element 1 2-1 thru/or the reactance value of 1 2-6 connected to each parasitic element A1 
thru/or A6. 

[0015] In the control unit of the array antenna of drawing 1 , array antenna equipment 100 
rece j ves a radio signal, through a coaxial cable 9, the signal by which reception was carried out 
[ above-mentioned ] is inputted into a low noise amplifier (LNA) 1 , and is amplified, and, 
subsequently a down converter (D/C) 2 carries out low-pass conversion of the amplified signal 
at the signal (IF signal) of a predetermined intermediate frequency. Furthermore, A/D converter 
3 carries out A/D conversion of the analog signal by which low-pass conversion was carried out 
to a digital signal, and outputs the digital signal by which A/D conversion was carried out to the 
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time domain signal-processing section 4. Subsequently, the time domain signal-processing 
section 4 divides into the sub signal of two or more time domains radio-signal y (t) received by 
array antenna equipment 100. By adding, after outputting the signal vector [Y] which consists of 
two or more divided sub signals to the adaptive control mold controller 7 and carrying out the 
multiplication of the predetermined weighting factor to two or more divided sub signals, 
respectively, signal processing of a time domain is performed and it outputs as processing signal 
z (t). And the adaptive-control mold controller 7 calculates an error signal by subtracting above- 
mentioned processing signal z (t) from the study sequence signal generated by the study 
sequence signal generator 6, and further, the adaptive-control mold controller 7 performs 
adaptive-control processing by calculating the optimal weighting-factor vector [W], and 
outputting to the time-domain signal-processing section 4 so that an error signal may serve as 
min based on the above-mentioned study sequence signal and a signal vector [Y]. Specifically 
here the adaptive control mold controller 7 Based on a study sequence signal and each above- 
mentioned sub signal, calculate the above-mentioned weighting factor and it outputs to the time 
domain signal-processing section 4 so that the error signal of processing signal z (t) and a study 
sequence signal may serve as min. The gradient vector of the predetermined criterion function 
which shows the value corresponding to the above-mentioned error signal is calculated, and 
each variable reactive element 12-1 thru/or the reactance value of 12-6 are calculated and set 
up so that the value of the above-mentioned criterion function may serve as min. 
[0016] According to the digital data signal of a predetermined symbol rate including the same 
study sequence signal as the predetermined study sequence signal generated with the study 
sequence signal generator 6, the sending station which transmits the radio signal received with 
an array antenna 100 modulates the carrier signal of a radio frequency using digital modulation 
methods, such as QPSK, or the direct diffuse-spectrum diffusion becoming [ irregular ] method, 
carries out power amplification of the modulating signal concerned, and transmits it towards the 
array antenna equipment 100 of a receiving station. In the operation gestalt concerning this 
invention, before performing data communication, the radio signal which includes a study 
sequence signal towards a receiving station from a sending station is transmitted, and adaptive 
control processing by the adaptive control mold controller 7 is performed in a receiving station. 
[0017] Next, with reference to ^awing_3 thru/or drawing 5 , the time domain signal-processing 
section 4 of drawing 1 is explained more to a detail. Drawing 3 is the block diagram of the time 
domain signal-processing section 4-1 for TDMA which is the 1st operation gestalt of the time 
domain signal-processing section 4. two or more [ (shift register SR) 13-1 thru/or 13- (J-1) of 
two or more (J-1) individuals to which cascade connection of the time domain signal-processing 
section 4-1 for TDMA was carried out mutually, and ] — two or more [ J down samplers 14-1 
thru/or 14-J, and ] — it has J transversal filter circuits 23-1 thru/or 23-J, and an adder 17, and 
is constituted. The above-mentioned shift register (SR) 13-1 thru/or 13- (J-1) delay for it and 
output only 1 symbol period for an input signal based on the clock inputted, respectively. The 
multiplication of the weighting-factor data Dw1 which outputted the signal data Dx1 divided into 
the sub signal of two or more time delay thru/or DxJ to the adaptive control mold controller 7, 
and were calculated by the adaptive control mold controller 7 for the operation of a weighting 
factor thru/or the DwJ is carried out to each signal into which it was inputted, and the 
transversal filter circuit 23-1 thru/or 23-J output it to it. 

[0018] Input-signal y (t) outputted from A/D converter 3 of drawing 1 is inputted into a shift 
register 13-1 as the down sampler 14-1. The down sampler 14-1 carries out the down sampling 
of the inputted input-signal y (t) with a sampling frequency 1/J time the sampling frequency of 
A/D converter 3, and outputs the signal after processing to an adder 17 through the transversal 
filter circuit 23-1 which carries out the detail after-mentioned. The signal outputted from the 
shift register 13-1 is inputted into a shift register 13-2 as the down sampler 14-2. The down 
sampler 14-2 carries out the down sampling of the inputted signal with a sampling frequency 1/J 
time the sampling frequency of A/D converter 3, and outputs the signal after processing to an 
adder 1 7 through the transversal filter circuit 23-2. The signal outputted from shift register 1 3-j 
(j= 2, 3, — , J-1) is outputted to down sampler 14- 0+1) and shift register 13- (j + D like the 
following. Down sampler 14- (j+1) carries out the down sampling of the inputted signal with a 
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sampling frequency 1/J time the sampling frequency of A/D converter 3, and outputs the signal 
after processing to an adder 17 through transversal filter circuit 23- Q+1). two or more 
[ furthermore, / into which the adder 1 7 was inputted ] — J signals are added and the signal of 
an addition result is outputted as processing signal z (t). 

[0019] Drawing 4 is the block diagram showing the configuration of the transversal filter circuit 
23-1 of drawin g 3 . With the delay circuit 25-1 of two or more (M-1) individuals thru/or 25- (M- 
1) to which only 1/4 of one symbol thru/or the time amount of 1/2 were delayed, respectively, 
and cascade connection was mutually carried out, the transversal filter circuit 23-1 is equipped 
with two or more M multipliers 26-1 thru/or 26-M, and adders 27, and the signal inputted by 
passing the down sampler 22-1 is constituted. The signal inputted into the transversal filter 
circuit 23-1 it outputs to the adaptive control mold controller 7 as data of a sub signal — having 
— and weighting-factor w, while being outputted to an adder 27 through the multiplier 26-1 
which has the multiplication multiplier of 1 and 1 It is outputted to an adder 27 through the delay 
circuit 25-1 of an individual (M-1) thru/or 25- (M-1) by which cascade connection was carried 
out mutually, and multiplier 26-M which has the multiplication multiplier of weighting factors w1 
and M. Here, the suffix of weighting-factor w expresses the transversal filter circuit 23-1 the 
serial number 1 of 23-J thru/or J with the 1 st suffix, and expresses each above-mentioned 
transversal filter circuit 23-1 the serial number 1 of the multiplier in 23-J thru/or M with the 2nd 
suffix, moreover — while the signal outputted from a delay circuit 25-1 is outputted to the 
adaptive control mold controller 7 — weighting-factor w — while the signal which is outputted 
to an adder 27 through the multiplier 26-2 which has the multiplication multiplier of 1 and 2, and 
is further outputted from a delay circuit 25-2 is outputted to the adaptive control mold 
controller 7 — weighting-factor w — it is outputted to an adder 17 through the multiplier 26-3 
which has the multiplication multiplier of 1 and 3. Like the following, the signal outputted from 
delay circuit 26-ma (ma=3, — , M-1) is outputted to an adder 27 through multiplier 26- (ma+1) 
which has a weighting factor w1 and the multiplication multiplier of ma+1 while it is outputted to 
the adaptive control mold controller 7. And an adder 27 adds M signals inputted and outputs the 
signal of an addition result to an adder 1 7. 

[0020] Moreover, with the delay circuit of two or more (M-1) individuals by which cascade 
connection was carried out mutually, the transversal filter circuit 23-2 of ^awing_3 thru/ or 23-J 
are equipped with two or more M multipliers and adders, and is constituted like the transversal 
filter circuit 23-1. The time domain signal-processing section 4 compounds the signal data Dx1 
outputted from each transversal filter circuit 23-1 thru/or 23-J thru/or DxJ to a signal vector 
[Y], and outputs it to the adaptive control mold controller 7. Moreover, the time domain signal- 
processing section 4 decomposes into the weighting-factor data Dw1 thru/or DwJ, and carries 
out the multiplication of the weighting-factor vector [W] inputted from the adaptive control mold 
controller 7 to the signal inputted there in each transversal filter circuit 23-1 thru/or 23-J. 
[0021] Drawing 5 is a block diagram of the time domain signal-processing section 4-2 for CDMA 
concerning the 2nd operation gestalt of the time domain signal-processing section 4 which 
replaces the 1 st operation gestalt of drawing 3 . In this operation gestalt, instead of the 
transversal filter circuit 23-1 concerning the 1st operation gestalt thru/or 23-J They are J 
matched filters (it is also called a matched filter.) two or more. [ matched filter; ] It is 
characterized by having 15-1 thru/or 15-J, and the sub digital disposal circuit 16-1 thru/or 16- 
J connected to each above-mentioned matched filter 15-1 thru/or 15-J. The other 
configuration is the same as that of the time domain signal-processing section 4-1 for TDMA of 
the 1st operation gestalt, and the detailed explanation is omitted. 

[0022] In drawing 5 , J-1 shift register 13-1 thru/or 13- (J-1) by which cascade connection was 
carried out mutually, and J down samplers 14-1 thru/or 14-J is constituted like the time domain 
signal-processing section 4-1 for TDMA. The signal outputted from the down sampler 14-1 is 
inputted into a matched filter 15-1, and a matched filter 15-1 detects the request wave signal 
buried into white noise with the greatest SN ratio based on the data Dcp of the diffusion sign of 
the user terminal of a request wave into which the signal by which the down sampling was 
carried out is inputted from the controller (not shown) of a receiver, and, specifically, outputs a 
pulse signal for every period of a diffusion sign. Subsequently, the signal from a matched filter 
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15~1 is outputted to an adder 17 through the sub digital disposal circuit 16-1 which carries out 
the detail after-mentioned. Moreover, the signal outputted from the down sampler 14-2 is 
outputted to an adder 1 7 through a matched filter 1 5-2 and the sub digital disposal circuit 1 6-2. 
Each matched filter 15-j G- 3, 4, — , J) outputs like the following the signal outputted from down 
sampler 14-fa to an adder 17 through sub digital-disposal-circuit 16-j. 

[0023] Subsequently, the detail configuration of the sub digital disposal circuit 16-1 of drawing 5 
is explained. With the delay circuit 21-1 of two or more (Nc-1) individuals thru/or 21- (Nc-1) by 
which cascade connection was carried out by having the predetermined time delay Tc, 
respectively, the sub digital disposal circuit 16-1 is equipped with two or more transversal filter 
circuits 23-1 of Nc individual thru/or 23-Nc(s), and adders 24 with the down sampler 22-1 of Nc 
individual thru/or 22-Nc, and are constituted. [ two or more ] The signal outputted from the 
matched filter 15-1 is outputted to a delay circuit 21-1 and the down sampler 22-1. The down 
sampler 22-1 carries out the down sampling of the inputted signal with a sampling frequency 
1/Nc time the sampling frequency [ the down sampler 14-1 thru/or ] of 14-J, and outputs the 
signal after processing to an adder 24 through the transversal filter circuit 23-1. 
[0024] The transversal filter circuit 23-1 thru/or 23-Nc output the signal data Dx1 thru/or DxNc 
divided into the sub signal of two or more time delay for the operation of a weighting factor to 
the adaptive control mold controller 7, and carries out the multiplication of the data Dw1 thru/or 
DwNc of a weighting factor calculated by the adaptive control mold controller 7 to each inputted 
signal, respectively. The transversal filter circuit 23-1 thru/or the detail configuration of 23-Nc 
are the same as that of the transversal filter circuit of the time domain signal-processing section 
4-1 for TDMA concerning the 1st operation gestalt (refer to drawing 4 .). Here, in order to 
distinguish each weighting-factor w by which multiplication is carried out, the serial number 1 of 
the transversal filter circuit in each above-mentioned sub digital disposal circuit thru/or Nc shall 
be expressed with the 2nd suffix, and the suffix of weighting-factor w shall express the serial 
number 1 of the multiplier in each above-mentioned transversal filter circuit thru/or M with the 
1st suffix for the sub digital disposal circuit 16-1 the serial number 1 of 16-J thru/or J by the 
3rd suffix. 

[0025] Moreover, the signal outputted from the delay circuit 21-1 is inputted into a delay circuit 
21-2 and the down sampler 22-2, and the down sampler 22-2 carries out the down sampling of 
the inputted signal with a sampling frequency 1/Nc time the sampling frequency [ the down 
sampler 14-1 thru/or ] of 14-J, and outputs the signal after processing to an adder 24 through 
the transversal filter circuit 23-2. Like the following the signal outputted from delay circuit 21 -nc 
(nc= 2, 3, — , Nc- 1) It is inputted into delay circuit 21- (nc+1) and down sampler 22- (nc+1). 
Down sampler 22- (nc+1) carries out the down sampling of the inputted signal with a sampling 
frequency 1/Nc time the sampling frequency [ the down sampler 14-1 thru/or ] of 14-J. The 
signal after processing is outputted to an adder 24 through transversal filter circuit 23- (nc+1). 
Furthermore, an adder 24 adds the signal of a two or more Nc(s) individual inputted, and outputs 
the signal of an addition result to an adder 1 7. 

[0026] The interior is constituted by the sub digital disposal circuit 16~2 thru/or 16-J as well as 
the sub digital disposal circuit 16-1. two or more [ to which an adder 17 is outputted from the 
sub digital disposal circuit 16-1 thru/or 16-J ] — J signals by which adaptive control was 
carried out are added, and the signal of an addition result is outputted as processing signal z (t). 
The time domain signal-processing section 4 compounds the signal data Dx1 thru/or DxNc 
outputted from the sub digital disposal circuit 16-1 each transversal filter circuit 23-1 of the two 
or moreJxNc individual in 16-J thru/or 23-Nc to a signal vector [Y], and outputs it to the 
adaptive control mold controller 7. Moreover, the time domain signal-processing section 4 
decomposes into the weighting-factor data Dw1 thru/or DwNc, and carries out the multiplication 
of the weighting-factor vector [W] inputted from the adaptive control mold controller 7 to the 
signal inputted there in each transversal filter circuit 23-2 of a two or moreJxNc individual 
thru/or 23-Nc. 

[0027] In the control unit of the array antenna constituted as mentioned above The adaptive 
control mold controller 7 is based on the signal vector [Y] outputted from the time domain 
signal-processing section 4, and a predetermined study sequence signal, a minimum of [ for 
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example, ] — an error signal serves as min using the predetermined adaptive control algorithm 
using error (MMSE) criteria the 2nd [ an average of ] power — as — two or more — each 
weighting factor for the JxNcxM piece multiplier 26-1 thru/or 26-M is calculated, and it is fed 
back and set as each multiplier 26-1 thru/or 26-M. 

[0028] The adaptive control mold controller 7 outputs the reactance value signal for controlling 
the directivity of array antenna equipment 100 further. The adaptive control mold controller 7 
here For example, the sub signal generated in the time domain signal-processing section 4 
before consisting of digital computers, such as a computer, and starting data communication, It 
is based on the study sequence signal sbp (m) generated with the study sequence signal 
generator 6. By performing adaptive control processing illustrated by the flow chart of drawingj) 
It is characterized by calculating and setting up each variable reactive element 12-1 for turning 
the main beam of the above-mentioned array antenna equipment 100 in the direction of a 
request wave, and turning null in the direction of an interference wave thru/or the reactance 
values X1 , — , X6 of 1 2-6. The adaptive control mold controller 7 is made to specifically precess 
each variable reactive element 12-1 thru/or the reactance values X1, — , X6 of 12-6 only for 
predetermined shift-amount delta X one by one. The gradient vector of the predetermined 
criterion function (function fh with the study sequence signal sbp in several 68 later mentioned 
with this operation gestalt (m) by which generating was carried out [ above-mentioned ] with the 
sub signal calculated from input-signal y (t)) which makes each reactance value a variable is 
calculated. Subsequently, the reactance values X1, X2, — , X6 are calculated so that the criterion 
function value concerned may serve as max based on the calculated gradient vector. The 
reactance value signal which consists of reactance values X1, X2, — , X6 is turned and outputted 
to a variable reactive element 12-1 thru/or 12-6. By it [0029] set up so that the main beam of 
the above-mentioned array antenna equipment 100 may be turned in the direction of a request 
wave and null may be turned in the direction of an interference wave Subsequently, the control 
unit of the array antenna of the operation gestalt concerning this invention and the principle of 
the control approach are explained. 

[0030] The model of the signal which arrives at the antenna array which consists of components 
of N (N> 1) individual which has introduction and P persons 7 user terminal is considered, the 
radio signal transmitted from the sending station — touch-down — incidence is carried out by 
the incident angle (it is also called an arrival angle (Angle of Arrival;AOA).) theta defined in the 
flat surface containing a conductor 11, and it is received by array antenna equipment 100. With 
this operation gestalt, the direction of a parasitic element A1 is determined as theta= 0 focusing 
on a driven element AO. The baseband wave signal sp of the p-th user terminal of the signal 
transmitted (t) is expressed as follows. 
[0031] 
[Equation 1] 

an.— -« 

[0032] Here, sbp (m) shows the m-th information symbol concerning the signal of the p-th user 
terminal, and rhop (t) expresses an information symbol wave. By the TDMA system, to the signal 
of each user terminal, information symbol wave rhop (t) has many same things, and is considered 
as a cosine modulated wave form by which the spread spectrum was carried out. T shows the 
symbol persistence time or a symbol period. In a CDMA system, a degree type is materialized 
and this is called the pulse-shape plastic surgery function of the p-th user terminal. 
[0033] 
[Equation 2] 

A><t> = N 5Tip(j) T (t-JTc) 
3 =o 

(0 <=t<=T) 

[0034] It is the {cp G)U= 0, — , diffusion code by which Nc-1 was assigned to the p-th user 
terminal, T is symbol duration time equal to the product of the chip spacing Tc and the number 
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Nc of chips per symbol here, and psi (t) is a chip wave signal which is defined by the time 
amount section [0, Tc] and which it normalized. Furthermore, when an over sampling technique 
period is set to delta, it is Tc/ delta =2, and when a transmission bit rate is set to fb, a symbol bit 
rate is expressed with 2x127xfb. The diffusion sign sequence may be periodic depending on the 
specification to adopt, or may be aperiodic, this application description considers the case of 
being periodic. The array input-signal vector [x (t)] of N dimension received with the array 
antenna equipment without a noise which consists of an antenna element of N individual is 
expressed as follows. Hereafter, a vector or a matrix is expressed with [-] in this application 
description. 
[0035] 
[Equation 3] 

[x (t) ] =£]T[a (0 n P ) ] tfsjt-z?) 
p = n = i 

= Z _> V m > CgpCt-mT) ] 

p = 1 m= — «o 

[0036] Here, several 3 inner N dimension vector [gp (t)] is called the channel impulse response 
between space-time of the symbol wave signal between space-time of the p-th user terminal, or 
symbol level like a degree type. 
[0037] 
[Equation 4] 

[g P (t> ] =]T[a W ] fi*A(t-tf> 

L =1 

[0038] thetalp, taulp, and xilp express the arrival angle (AOA) corresponding to the I— th path, the 
time delay, and the propagation loss of a signal of the p-th user terminal, respectively. 
Furthermore, N dimension vector [a (theta)] expresses the Ares tearing vector corresponding to 
theta, and sbp (m) and Lp show the total of the m-th information symbol concerning the signal of 
the p-th user terminal, and a multi-pass wave, respectively. The following matters are assumed 
to several 3 component. 

<Assumption 1> The signal to receive is the periodic steady state of a wide sense, when sampled 
the symbol period of fraction spacing (fractionally spaced), and when sampled at a symbol rate, it 
is the steady state of a wide sense. The signal vector [x (t)] of the periodic steady state of a 
wide sense is defined by the degree type. 
[0039] 

[Equation 5] E{[x(t1)][x(t2)]H}=E{[x(t1+T)][x(t2+T)]H} 

[0040] Here, [-] H shows conjugation transposition and E {-} shows statistical expected value, 
the <assumption 2> information symbol sbp (m) and p= — 1, 2, — , P are independence and the 
same distribution, and fill a degree type. 
[0041] 
[Equation 6] 

E (sbp(m) sbp* (n)} =deltap, qdeltam, n [0042] Here, [-] * shows a complex conjugate and deltap 
and q show a Kroneckers delta function. 

the channel {gp (t)} of <assumption 3> plurality, and p= — between the periods by which 1, 2, — , 
the interest to which P carries out predetermined data communication were held — linearity — 
and it is eternal in time and belongs to the persistence time of finite within the time amount 
section [0, DpT]. 

[0043] Next, it formulizes about the model of the signal received especially with array antenna 
equipment 100. Input-signal y (t) without the noise outputted from array antenna equipment 100 
equipped with the driven element AO which drawing 1 shows and a parasitic element A1 thru/or 
A6 is specified by the degree type (see the conventional technical reference 3 "Ohira 
"equivalence wait vector [ of an ESUPA antenna ] and array factor expression", Institute of 
Electronics, Information and Communication Engineers technical report, A-P 2000-44, SAT 
2000-41, and MW2000-July, 2000 [ 44 or ]"). 
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[0044] 

[Equation 7] y(t)=[i]T[x(t)] 

[0045] Moreover, a steering vector [a (theta)] is expressed with a degree type. 
[0046] 

[Equation 8] [a(theta)] =(1, and [exp G(2pi r/lambda) cos (theta)), — , exp 0(2pi r/lambda) cos 
(theta-5x2pi/6))]) T [0047] Here, the diameters of an array are r=lambda/4, lambda expresses 
the wavelength of the radio frequency of a request wave, and the equivalence wait vector [Q 
considered in the conventional technical reference 3 is drawn like a degree type. 
[0048] 

[Equation 9] [i]=C[I+YX]-1 [yO] 
[0049] Here, I is a unit matrix. 
[0050] 

[Equation 10] [yO] =[y00, y10, y10, y10, y10, y10, y10] T — [Equation 11] 
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[0051] X is a reactance matrix for adjusting the pattern of an antenna, R0=50ohm is the input 
impedance of a radio set, and X1 , — , X6 are parameters outputted as a reactance value signal 
from the adaptive control mold controller 7. The admittance matrix to which Y expresses the 
cross coupling between the components of an antenna, and [yO] are the related admittance 
vectors, and contain the following [ component / the ]. 
[0052] (a) yOO expresses the self-input admittance of a driven element AO. 

(b) y10 expresses a driven element AO, a parasitic element A1, or the joint admittance of A6. 

(c) y1 1 expresses a parasitic element A1 thru/or the self-input admittance of A6. 

(d) y21 expresses the joint admittance of the parasitic element A1 which adjoins mutually, A2 
and A2, A3 and A3, A4 and A4, A5 and A5, A6, or A6 and A1 . 

(e) y31 expresses the joint admittance of two parasitic elements A1 located in a line on both 
sides of one parasitic element in between, A3, A2, A4 and A3, A5 and A4, A6 and A5, A1, or A6 
and A2, and (f) y41 express two parasitic elements A1 which counter on both sides of a driven 
element AO, A4, A2 and A5, or the joint admittance of A3 and A6. 

[0053] Because of reciprocity and the patrol-symmetric property of array antenna equipment 
100, only six components are independent as mentioned above. Moreover, C is a multiplier about 
the gain of an antenna. When it is array antenna equipment 100 which drawing 1 shows, the value 
of C= 131.2 has been acquired from the actual measurement result in approximation. The 
admittance vector [yO] and a different input value (entry) to admittance-matrix Y are shown in a 
table 1. 
[0054] 
[A table 1] 

y00=0.00860035-0.0315844jy10=- 

0.00372642+0.007231 9jy1 1=0.00962295-0.01 656835jy21=- 

0.000377459+0.01 1 7867jy31=0.00002720885-0.0063736jy41 =0.001 779525+0.002208335j 

[0055] If several 3 is substituted for several 7 and additive 

noise is taken into consideration, input-signal y (t) outputted from the single port of array 
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antenna equipment 1 00 can be expressed like a degree type. 
[0056] 

[Equation 13] 

y (t) = [i] T [x (t) ] 

= Z 2s b B (m) ga B (t-mTH-n (t) 

[0057] Here, the following function contained in several 1 3 is also called the symbol wave signal 

between space-time of the p-th user terminal. 

[0058] 

[Equation 14] 

g a„(t) = [i] T [ gj ,(t) ] 

= £ti] r [a id?) ] S'Att-V) 

1=1 

= £f {an fi^t-o 

1 = 1 

[0059] Here, f (theta) expressed with a degree type is the pattern of array antenna equipment 

100. 

[0060] 

[Equation 15] fCtheta) =f(theta, X1 f — X6) = [i] T [a (theta)] 

[0061] The impulse response gp between [ of two ] space-time (t) and [gp (t)] have the clearly 

same persistence time. Additive noise has satisfied the following assumptions. 

<Assumption 4> additive noise is a white noise of a zero average with which the following two 

formulas are filled, and was not correlated with the signal of a user terminal. 

[0062] 

[Equation 16] E{n2(t)} =0 — [Equation 17] E[n(t) I2=sigma2[0063] Here, sigma2 express the 
power of a noise. 

[0064] As for several 9 thru/or several 14, the output signal of array antenna equipment 100 
also shows that it is the nonlinear function of reactances X1, X2, — , X6. 
[0065] Next, ecad filtering between space-time for removing the signal which is not desirable 
performed in the time domain signal-processing section 4 is explained. The variable reactive 
element 12-1 of array antenna equipment 100 thru/or 12-6 perform time processing of the 
control unit of the array antenna when having the set of the given reactance value first using the 
time domain signal-processing section 4-1 for TDMA illustrated by drawing 3 . In the case of 
TDMA, processing is performed based on a symbol wave signal. A shift register 13-1 thru/or the 
sampling period in 13- (J-1) are expressed with delta, and let J=T/delta (J is one or more 
integers) be the multiplier of over sampling technique. If input-signal y (t) is sampled by 
assumption A2 by time amount t=i delta+mT (here, m the integer of arbitration; i= 0, 1, — , J-1), 
several 13 will become like a degree type. 
[0066] 

[Equation 18] 

y (i i+mT) 

= EZ sb P (m ~ d) ga p (iA+dT) +n (iA+mT) 

p=ld=0 

(i= 0, 1,— , J-1) 

[0067] The periodic steady state of the signal of the terminal described by the assumption A1 If 
it uses () [ conventional technical reference 4"LTong ] et al., "Blind identification and 
equalization based onsecond-order statistics : a time domain approach and" IEEE 
Transaction.Information Theory, Vol.40, pp.340-349, and refer to March 1994." The approach of a 
multichannel model that the transversal filter circuit 23-1 which is the equalizer of fraction 
spacing illustrated by drawing 3 thru/or 23-J were extended is easily establishable like a degree 
type. 
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[0068] 

[Equation 19] 

[yb (m) ] =2 Zsb B (m-d) Ch c (d) ]+ [nb (m) ] 

[0069] Here, the impulse response vector between [ of J dimensions ] signal vector [yb (t)] 
space-time [hp (d)] and a noise vector [nb (m)] are expressed with a degree type. 
[0070] 

[Equation 20] [yb(m)] =(y (mT), and [y (mT-delta), — , y (mT-(J-1) delta)]) T — [Equation 21] 
[hp(d)] =(gap (dT) f and [gap (dT-delta), — gap (dT-(J-1) delta)]) T — [Equation 22] Cnb(m)] =(n 
(mT), and [n (mT-delta), — , n (rr»T-(J-1) delta)]) T [0071] The dimension of an input signal [yb 
(m)] is J each about m, and J is called "the number of over sampling technique channels." About 
the limitation of the number of extended channels by over sampling technique, the conventional 
technical reference 5 (A.J.van der Veen, "Resolutionlimits of blind multi-user multi-channel 
identification scheme-the band-limited case", and "in Proceeding of ICASSP'96, Atlanta, GA and 
May 1 996") argues. About the continuation sample in the period of a symbol of M pieces, the 
following JxM dimension signal vector [YT (m)], the symbol vector [Sp (m)] which consists of an 
information symbol of the M+Dp individual concerning the signal of the p-th user terminal, and a 
JxM dimension noise vector [N (m)] are formed. 
[0072] 

[Equation 23] [YT(m)] =(yb (m), and [yb (m-1), — . yb (m-M +1)]) T — [Equation 24] [Sp(m)] = 
(sbp (m), and [sbp (m-1), — B sbp (m-M-Dp +1)]) T — [Equation 25] [N(m)] =(nb (m), and [nb (m- 
1), — , nb (m-M +1)]) T [0073] next Silvester (Sylvester) concerning user-terminal p — if it 
collapses and the term of impulse response [ of the die length (dimension) of x(Dp+1) J of the 
channel ] [[hp(0)] T, [hp(D] T, — , [hp(Dp)] T] T defines a matrix, it will become a MJx (M+Dp) 
degree matrix like a degree type. 
[0074] 

[Equation 26] 

lh p (0) ] - Lh p (D p ) ] 0 

0 [h p (0) ] - Ch p (D p ) ] 

o ». — 0 

[0075] Here, "0" expresses zero J-dimensional vector. Several 19 is extensible to a degree type. 



o 

0 



[h p (0> ] ... [h p (D p > ]j 



[0076] 

[Equation 27] 

[ Y T (m) ] = ]T[H p (M5 ] [S p (m>] + [N (m) ] 
p = i 

[0077] Therefore, equalization to the sub signal in the time domain signal-processing section 4-1 

for TDMA can be performed by the degree type. 

[0078] 

[Equation 28] zT(m)=[W]T[YT(m)] 

[0079] It is here and is [Equation 29]. [W] =[ — w — it is a weighting-factor vector for 1, 0, — 
wJO, — , w1, M-1, — and the transversal filter circuit 23-1 that is the equalizer with which wJ 
and M-1]T were illustrated by ^rawing 4 . the minimum average square error (MMSE) criteria — 
being based — the optimal weighting factor for the transversal filter circuit 23-1 — the solution 
from several 30 — it is given by the solution of him and the well-known Wiener-hop, several 31 
[ i.e., ]. 
[0080] 

[Equation 30] 

mi n Els bXm— v) — z T (m)| 
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[Equation 31] 
[WMMSE]*=[RT]-1 [Kv)] 

[0081] Here, sb1 (m) is the study sequence signal of the signal of a desired user terminal, and 
v>=0 is delay of a study sequence signal required for implementation of causal filtering (causal 
filtering) in consideration of a time delay v. Adaptive control of the adaptive control mold 
controller 7 is carried out by calculating a weighting-factor vector [W] so that the error of the 
signal sb1 (m-v) with which only the predetermined time delay v was delayed in the study 
sequence signal, and the processing signal zT (m) may serve as min so that clearly from several 
30. [RT] and [r (v)] are the correlation vectors between the temporal phase Seki matrix of the 
signal vector calculated as follows, respectively, a study sequence signal, and a signal vector. 
[0082] 

[Equation 32] [RT]=E{[YT(m)][YT(m)]H} 
[Equation 33] [Kv)]=E{sb1*(m~v)[YT(m)]} 

[0083] The adaptive control mold controller 7 outputs the weighting-factor vector [W] searched 
for by several 31 thru/or 33 to the time domain signal-processing section 4, in the multiplier 26- 
1 of a JxM individual thru/or 26-M, the multiplication of two or more weighting-factor vectors 
[W] is carried out to a signal vector [YT], the signal of a multiplication result is added with 
adders 27 and 1 7, and they are outputted. The adaptive control mold controller 7 makes the 
residuum power of an output signal zT (k) minimize by repeating above-mentioned processing 
and completing several 30 error based on the error signal of the Signal zT (k) and the study 
sequence signal which were outputted. Moreover, the minimum residuum power in case the 
variable reactive element 12-1 of array antenna equipment 100 thru/or 12-6 have the set of the 
given reactance value is called for like a degree type. 
[0084] 

[Equation 34] 

^t.mmseV) x 6 = E i s Mm-v) -z T (m)| 2 

= E|s b L (m-v)| 2 - [W MMSE ] T [R T ] CW^J* 
= E|s b^m}] 2 - [r (v) ] H [R T ]-*[r (v) ] 

[0085] Actually, the minimum residuum power of several 34 is the function of the reactance 
values X1, — , X6. 

[0086] The variable reactive element 12-1 of array antenna equipment 100 thru/or 12-6 explain 
the case where the time domain signal-processing section 4-2 for CDMA illustrated by drawing 5 
next in time domain processing of the control unit of the array antenna when having the set of 
the given reactance value is used. In the case of CDMA, the time domain processing concerned 
is performed to pulse-shape plastic surgery functions and those related matched filters 15-1 
thru/or the output signal from 15-J. the sampling period in a shift register 13-1 thru/or 13- (J- 
1) — delta=Tc/J — being shown (over sampling technique multiplier whose J is the natural 
number) — input-signal y (t) — time amount t=laTc-i delta and (la — natural number;i= — if it 
samples by 0, 1, — , J-1), the discrete format of several 13 will become like a degree type. 
[0087] 

[Equation 35] 

y ( 1 a T c - i A) 

= Z 2 s b p (m > g a *( 1 a T c ~ 1 A_mT > +n ( 1 a T c - i A) 

p — 1 - a, 

[0088] If the discretized input signal y (laTc-idelta), i= 0, — , J-1 are accumulated, a signal 

vector like a degree type will be acquired. 

[0089] 

[Equation 36] 

[y v (1 a Tc) ] 

= ]T ]►> b p (m) [g v p (l aTc-mT) ] -+Cn v (1 aTc) ] 
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[0090] Here, [yv (laTc)], [gvp (laTc)], and [nv (laTc)] mean as follows a signal vector, the symbol 
wave signal between space-time, and the J-dimensional vector that shows a noise, respectively. 
[0091] 

[Equation 37] [yv(laTc)] =[y (laTc), — ( y (laTc-(J-l) delta)] T — [Equation 38] [gvp(laTc)] =[gap 
(laTc), — gap (IaTc-(J-1) delta)] T — [Equation 39] [nv(laTc)] =[n (laTc), — n (IaTc-(J-1) 
delta)] T [0092] A degree type is assumed about the chip wave which it normalized. 
[0093] 

[Equation 40] psi(kTc-iaTc) =deltakl [0094] At this time, the discrete pulse-shape plastic surgery 

function of the p-th user terminal is shown by the degree type. 

[0095] 

[Equation 41] 

p p ( laTc) 

Nc-1 , v 
= Sc J> {j)^(laTc--jTc) 
J =0 
Nc-1 
= Z CpC j ) a j 
j =0 

= c p (l a) 

(0 <=la<=Nc -1) 

[0096] It is [Equation 42] in order to simplify a notation. If cbp(la) =cp (Nc-la) and 0 <=la<=Nc -1 , 
a degree type can show the output-signal vector after carrying out back-diffusion of gas of the 
pulse-shape plastic surgery function of a pO position user terminal by the matched filter 15-1 
thru/or 1 5-J. 
[0097] 

[Equation 43] 

XTd (laTc) 

y v (laTc-iTc)] p^N c T c - i T c ) 

i = o 

= Z £s b p {m) [qv, w (l aTc-mT)] + [Xb^'O aTc) ] 

t>= 1 tn=-«e> 

[0098] It is here and is [Equation 44]. 

[ q v p ^( laTc)] =*£[g v p { 1 a T c - i T c ) 3 c v^C i ) 

[Equation 45] 

[X b__ Cpo> < 1 aTc) ] = N £tn v < 1 a T c - i T c ) ] c b p _( i ) 

5 =0 

[0099] Like formulation of several 19 vector, laTc is expressed with kT-jTc (here, it is 0 <=j<=Nc 
-1), and the signal vector of the sub digital disposal circuit 16-1 thru/or the symbol level in 16- 
Nc is defined like a degree type. 
[0100] 

[Equation 46] [Xc(kT)] =[[Xb(kT)] T, — [Xb(kT-(Nc-1) Tc)] T] T [0101] By several 43, a degree 

type can show several 46. 

[0102] 

[Equation 47] 

[Xc (kT) ] 

= Z 5>b p (m) [qc p w (kT-mT)] + [Xcj^kT) ] 

p — 1 TO.— — CO 

[0103] It is here and is [Equation 48]. 

[q c^kT) ] 

= [ [qv, w (kT) ] T [qv p ( HkT- (Nc-1) Tc) ] T 3 T 
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[Equation 49] 

[XcJ Po> (kT) ] 

= [ [Xb„ ( ^kT) ] T [Xb. w (kT- (Nc-1) Tc) ] T ] T 

[0104] From assumption 3, it is the wave signal of a JxNc dimension. 
[Equation 50] 

[q c p w (kT) ] 

It is known that ********** j s restricted. Therefore, several 47 can be expressed like a degree 

type. 

[0105] 

[Equation 51] 

[Xc (kT) ] =|> bjk-d) U^dT)] 

d=0 

+ 2 £> V k ~ d > U c^CdT) H- [Xc^kT) ] 

p-ld-0 

P*P£> 

[0106] It is here and is [Equation 52]. 
D 

It is the die length of the symbol level of** and a pO position user-terminal channel. Several 51 
shows that the 2nd term contains the cross-correlation component which the signal from the 
user terminal which is not desirable piled up to the 1st term of the right-hand side including all 
the components of the signal from a desired user terminal. The above-mentioned cross- 
correlation component must be oppressed. Based on several 51, ecad processing of symbol level 
can be performed like a degree type. 
[0107] 

[Equation 53] 

=EWj T [Xc { (k-1 b) T) ] - [W] T [Y c (k) ] 

1 b=0 

[0108] Here, the signal vector [YC (k)] and weighting-factor vector [W] of a JxNcxM dimension 

are expressed with a degree type. 

[0109] 

[Equation 54] [YC(k)] =[[Xc(kT)] T, — , [Xc(kT-(M-1) T)] T] T [0110] 
[Equation 55] 

[W] = [[w0] T, — [wM-1] T] 

[Equation 56] [wma] — - — [ — w — one — one — ma — w — two — one — ma — wJ — 
one — ma — w — one — two — ma — w — two — two — ma — wJ — two — ma — w — 
one — Nc — ma — w — two — Nc — ma — wJ — Nc — ma — ] — T (ma= 1 , 2, — , M) — 
[01 11] Several 56 is a weighting factor by which multiplication is carried out to a signal vector 
[YC (kT)], and the weighting-factor vector [W] of several 55 is generated from all those 
weighting factors. The transversal filter circuit 23-1 thru/or the number M of taps of 23-Nc are 
the die length [several 57] of the symbol level of a pO position user-terminal channel. 

It is chosen according to the number of user terminals of the same channel, and performance 
requirements. Based on MMSE criteria, several 58 [ i.e., ], the optimal weighting-factor vector is 
acquired like several 59 like the processing in the case of TDMA. 
[0112] 

[Equation 58] 

I |2 

mi n E s b ( k — v ) — z c ( k ) 
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[Equation 59] 

Cw^J- [Rcr^Jv) ] 

[0113] Here, the correlation vector [gammapO (v)] of the temporal phase Seki matrix [Rc] of a 
signal vector, and a study sequence signal and a signal vector is expressed with a degree type, 
respectively. 
[0114] 

[Equation 60] 
[RC]=E{[YC(k)][YC(k)]H} 
[Equation 61] 

[^(v) ] =E {sb po *(k-v) [Y c (k) ] } 

[0115] It is here and is [Equation 62]. 

s b„ (k) 

The study sequence signal (study symbol sequence) of a ** pO position user terminal is shown. 
The error of the signal sbpO (k-v) with which only the predetermined time delay v was delayed in 
the study sequence signal, and the processing signal zC (k) is minimized, and adaptive control of 
the adaptive control mold controller 7 is carried out by calculating a weighting-factor vector [W] 
so that the control device of an array antenna may output the best engine performance so that 
clearly from several 58. The adaptive control mold controller 7 outputs the weighting-factor 
vector [W] searched for by several 59 thru/or 61 to the time domain signal-processing section 4, 
in the transversal filter circuit 23-1 of a JxNc individual thru/or 23-Nc, multiplication is carried 
out to a signal vector [YC], the signal of a multiplication result is added in an adder 24, and a 
weighting-factor vector [W] is outputted from the sub digital disposal circuit 1 6-1 thru/or 1 6- 
Nc. The adaptive control mold controller 7 makes the residuum power of processing signal z (k) 
outputted minimize by repeating above-mentioned processing and making it converge based on 
the error signal of the processing signal z (k) and the study sequence signal which are outputted. 
The minimum residuum power when having the set of a reactance value with which the variable 
reactive element 12-1 of array antenna equipment 100 thru/or 12-6 were given like several 34 is 
expressed like a degree type. 
[0116] 

[Equation 63] 

^mmse 2 < v ) | Xi ,..., x = E|s bjk-v) - z c (m)f 

= E|s bjk-v)] 2 - [W^rCRJ [WJ* 

= 4 bjjof- [rjv) JtRj-tr^v) ] 

[01 1 7] As explained above, while the adaptive control mold controller 7 carries out adaptation 
processing of the request signal in a time domain in the time domain signal-processing section 4, 
it can process a request signal in a space field in array antenna equipment 100 (space-time 
concomitant use ecad filtering). The above-mentioned content shows that it may be included [ in 
TDMA ] by the approach that both formulation of processing is the same also in CDMA, when 
the variable reactive element 12-1 of array antenna equipment 100 thru/or 12-6 have the set of 
a predetermined reactance value. Hereafter, processing signal z (m) expresses the processing 
output in the case of both TDMA and CDMA, and this is expressed with a degree type. 
[0118] 

[Equation 64] z(m)=[W]T[Y(m)] 

[01 19] As mentioned above, a signal vector [Y (m)] is the function of a variable reactive element 
12-1 thru/or the reactance value of 12-6 again, and ecad filtering which uses together 
processing between the optimal space-time to the signal of the p-th user terminal is written like 
minimizing several 65 simultaneously with reference to a weighting-factor vector [W] and the 
reactance values X1, X2, — , X6, several 66 [ i.e., ]. 
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[0120] 

[Equation 65] 

sigmatotal2=E|sbp(m-v)-z(m) |2 — [Equation 66] 

(Xh lv ..., xh 6( wh) opt 

=a r g m i n e|s b p (m- v) - [W] T [Y (m) f 

X^... Ig. [W] 1 P I 

[0121] Under the set of the given data, it is known that the solution method of the optimal 
weighting-factor vector and reactance value of several 66 is activation of the global retrieval on 
the associated field. However, it is impossible to use actually the global retrieval which such time 
amount requires. Therefore, it is necessary to consider a certain alternate method. 
[0122] The most fundamental approach also in the optimization approach is the alternative 
searching method (alternative search) based on a coordinate, and is applied with the result 
sufficient for many applications. On this application descriptions, several 66 optimization problem 
is solved using the alternative searching method based on this coordinate. 
[0123] Subsequently, the renewal algorithm of a block for performing actually the above- 
mentioned space-time concomitant use ecad filtering is explained. In the above explanation, the 
procedure which calculates a weighting-factor vector [W] was explained, having assumed that it 
had the value to which the variable reactive element 12-1 thru/or the reactance value of 12-6 
were given beforehand. The following parts of this application description explain adaptive control 
processing of the reactance value of the array antenna equipment 100 performed by the 
adaptive control mold controller 4 based on the flow chart of drawing 6 . In the point of the 
alternative retrieval based on a coordinate, several 66 optimization problem is formulized from 
two phases of procedures in which views differ. First, it assumes that the reactance values X1, 
X2, — , X6 are being fixed as explanation of a general procedure, and the optimal weighting- 
factor vector is dispelled. This is shown in several 31 or several 59. Therefore, several 66 
becomes like a degree type. 
[0124] 

[Equation 67] 

(Xh^..., Xh 6 ) opt 

=a r g m i n e|s b p (m- v) - [W opt ] T [Y (m) f 
=a r g mi b e (m^- [r (v) ] H [R]-[r (v) ]} 

=a r g min{r p 2 - [r (v) RRl^tr (v> ]} 



[0125] It is here and is [Equation 68]. [Wopt]*=[R]-1 [r(v)] 
[Equation 69] [R]=E{[Y(m)][Y(m)]H} 
[Equation 70] 
[r(v)]=E{sbp*(m-v)[Y(m)]} 

[0126] The time delay v of a study sequence signal is beforehand determined by the adaptive 
control mold controller 7 so that the error of the study sequence signal with which only time 
amount v was delayed, and processing signal z (t) may be minimized based on several 30 and 
several 58 criteria. Moreover, a degree type is the power of the symbol signal of the p-th user 
terminal. 
[0127] 

[Equation 71] sigmap2=E|sbp(m) |2[01 28] Subsequently, the procedure of the renewal of a block 
which solves an optimization problem is explained more concretely. The optimal reactance value 
is looked for according to the die length to which received data were restricted, and several 67, 
and the correlation vector [r (v)] of the temporal phase Seki matrix [R] of a signal vector, and a 
study sequence signal and a signal vector is presumed by it. That is, the following two operations 
are performed. 
[0129] 

[Equation 72] 
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[Rh] =-^- mt g[Y <m> ] [Y (m) T l x ...... Xe 

[Equation 73] 

[rh(v)]=I 2 sb/On-v) [Y (m)] | Xl ..„. ^ 

[0130] here — mk=NtI and I= — it is 0, 1, — , Mt and Mt shows the number of data blocks 
required for convergence. Under the set of the given reactance value, the number Nt of symbols 
is chosen by the activity of the 2nd [ an average of ] power (LMS) algorithm of the minimum so 
that it can be completed as a steady state by the weighting-factor vector [W] within the symbol 
period of Nt individual. A formula, such as relating to several 7, several 9, several 13, several 26, 
several 54, and these, shows that a signal vector [Y (m)] is not the function with which the 
reactance values X1, X2, — , X6 were expressed explicitly, that is, the term [r (v)] [R] H of the 
secondary format of a correlation vector — it means that -1 [r (v)] is the implicit function of the 
reactance values X1, X2, — , X6. 

[0131] the term [r (v)] [R] H an updating algorithm suitable in order to discover the optimal 
reactance (Xh1, Xh2, — , Xh6) opt to an implicit function is the maximum dive algorithm for 
updating a reactance, and concerning the reactance values X1, X2, — , X6 — the gradient vector 
of -1 [r (v)] must be evaluated. Term [r (v)] [R] H — since -1 [r (v)] is evaluated according to 
the given data block to which die length was limited — the renewal algorithm of a block — Term 
[r (v)] [R] H — it is constituted about the estimate based on the data block of -1 [r (v)]. A 
degree type is assumed as a criterion function. 
[0132] 

[Equation 74] 

[f h (X 1F X_,- X 6 ) ] 

= <jYi p 2 - [rh (v) ] H [Rh]- x [rh (v) ] |^ ^ 

[0133] Here, the 2nd term of the right-hand side makes a variable the reactance values X1, — , 
X6. sigmahp2 is the power by which the symbol signal of the p-th user terminal was evaluated. In 
the context of the maximum dive algorithm (see the conventional technical reference 6 
"R.A.Monzingo et al., "Introduction to Adaptive Arrays", John Wiley & Sons, Inc., and 1980"), the 
following updating equations for performing adaptive control processing to a reactance value are 
obtained from several 74. 
[0134] 

[Equation 75] 

Xv (H1) =Xv (k) -aV Xv fh (Xv) l Xv = Xv < k > 

[0135] It is here and is [Equation 76]. Xv=[X1, X2, — , X6] T — [Equation 77] Xv(k) =[X1 (k), X2 
(k), — , X6 (k)]T[0136] 
[Equation 78] 

V Xv fh (Xv) = [V Xi f h (X,,"., X 6 ) V x i h (Xjrs X 6 ) ] T 

[Equation 79] 

v Xi f h (x lf ..., x,,-., x 6 ) 

«[f h (X*-. X^AX,-, X 6 > -f h (X r -, X,.-. X e ) ] /AX 

[0137] Here, alpha is a step size for updating, for example, takes the value of 1000 thru/or 2000. 
[0138] The procedure of renewal of the reactance value by the adaptive control processing 
illustrated by drawing 6 is performed as follows. In step S1, the number epsilon which controls 
the number of occurrence of renewal of a reactance value is set up, and the count k of updating 
of a reactance is further set to 0 as an initial state. Next, in step S2, initial value [ of a reactance 
value vector ] Xv (0) = (X1 (0), X2 (0), — , X6 (0)) is set up, and subsequently, in step S3, the 
reactance value signal corresponding to the reactance value vector Xv (k) is generated, and it is 
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outputted and set as a variable reactive element 1 2-1 thru/or 1 2-6. For example, the initial 
value of a reactance value vector can be set as zero vector, and an updating algorithm can be 
started from an omnidirectional beam pattern (see drawing 9 ). And in step S4, based on an 
input-signal vector [Y (m)] and the study sequence signal vector sbp (m), a matrix of correlation 
[R] and a correlation vector [r (v)] are calculated, the optimal weight vector [Wopt] is calculated 
using several 68 using several 72 and several 73, and it outputs to the time domain signal- 
processing section 4. Subsequently, in step S5, the inclination of a criterion function fh is 
calculated using several 78 and several 79, and the reactance value vector Xv (k+1) is further 
calculated from the reactance value vector Xv (k) by several 75. Subsequently, in step S6, it is 
determined whether the inequality of a degree type is materialized. 
[0139] 

[Equation 80] 

| fh(Xv (k))-fh(Xv (k+1)) |<=epsilon [0140] Here, epsilon is a repetitive threshold, when several 80 
inequality is materialized in step S6, while progressing to step S8, when not materialized, it 
progresses to step S7, only 1 increments k, and (NO) returns to step S3. In step S8, the 
reactance value signal corresponding to the reactance value vector Xv (k+1) is generated, it is 
outputted and set as a variable reactive element 12-1 thru/or 12-6, and adaptive control 
processing is ended. 

[0141] If ecad filtering between space-time based on the ESUPA antenna explained above is 
used, the steering of the beam of array antenna equipment 100 can be carried out in the arrival 
direction of a request signal, a spatial interference can be oppressed, and a time interference of 
ISI contained by the time domain signal-processing section 4 in an input signal can be 
oppressed. 
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EXAMPLE 

[Example] this invention persons performed computer simulation about the control unit of the 
array antenna of drawing 1 , and confirmed the effectiveness of ecad filtering between space- 
time by using the control unit of this array antenna. In this simulation, it is a premises network 
system, and the signal of the DS-CDMA user terminal of the 1 5 same channels exists, and let a 
user 1 be a request user. The code die length of the signal of all user terminals is set as 127. 
The Gaussian distribution of AOA of the path of the signal of each user terminal set up so that 
the signal of each user terminal might have six multi-pass waves and an include angle might have 
spacing of 8 times mutually is carried out, and those time delay assumes that it is a thing 
according to the exponential distribution which have the delay which spread 1.1 symbol period. 
The propagation loss of a multi-pass wave shall be included by SNR of the array component of 
the direct wave of the signal of a user terminal. In this case, SNR to the signal of a user s 1 
terminal is assumed to be -10dB, and SNR of the signal of all other user terminals changes at 
random by -26.55dB thru/or -4.76dB. Moreover, all user terminals shall be uniformly distributed 
in the visual field of array antenna equipment 100. A table 2 has indicated the detailed parameter 
of the signal a user's 1 terminal. 
[0143] 
[A table 2] 

Path theta (degree) tau (symbol) xi (propagation loss) 

1 12.30 0 - 0.9669+0.2550j2 21.50 0.04 0.7437- 

0.3081j3 20.20 0.05 - 0.5206-0.51 00j4 8.70 0.12 - 0.3081-0.4569j5 23.40 0.33 -0.1806+0.3931J6 

13.20 0.47-0.1 91 2+0.1 275j [0144] Here, the over 

sampling technique multiplier was set up with J= 1, and the number of taps of a transversal filter 
circuit is set up with M= 1. As mentioned above, a variable reactive element 12-1 thru/or 12-6 
are [Equation 81]. When it has the set of a given reactance value like Xv=[-53, -136, 61, 51 and 
59, -146] T, Nt is the measurement size of symbol level and can converge the weighting-factor 
vector of several 64 to the steady state of several 68 with the conventional LMS algorithm 
based on this. 

[0145] Drawing 7 is a graph showing an example of the convergence curve of the residuum 
power for determining the measurement size Nt of the symbol level converged on a steady state 
in adaptive control processing of drawing 6 . It turns out that a weighting-factor vector is 
converged to the steady state within the symbol period of about 200 so that clearly from drawing 
7 . This means that number Nt=200 of a symbol period are employable. Repeatedly [ of the 
reactance of this simulation ], Nt=200 are adopted as the number of symbol periods. In order to 
show the behavior in the case of convergence of an updating algorithm, data block number 
Mt=7x20 and the repetitive threshold epsilon= 1x10-10 of several 81 sake are set up. 
[0146] drawing 8 — drawing 6 — adaptive control — processing — setting — a data block — 
updating — a sake — a criterion function — a value — convergence — a curve — an example 

- being shown — a graph — it is — drawing 9 — drawing 6 — adaptive control — processing - 

- having performed — the time — a reactance — a value — a vector — initial value — Xv — (- 

- zero — ) — = (0, 0, 0, 0, 0, 0) — corresponding — an array antenna — equipment — 1 00 — a 
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beam — a pattern — a graph — it is . It starts from the initial value Xv of this reactance value 
vector (0), adaptive control processing of drawin g 6 is performed and updated, and a beam 
pattern in case the counts k of updating are 2 times, 4 times, 9 times, 13 times, and 19 times, 
respectively is shown in drawing 10 thru/or drawing 14 . All the multi-pass waves of the signal of 
a desired user terminal are included with a steady state pattern, and are strengthened, and it 
turns out that the multi-pass wave of the signal of the user terminal which is not desirable is 
mitigated with the lower order lobe of a steady state pattern so that clearly from a table 2 and 
drawing 14 . It is clear from these two drawings by carrying out beam pattern formation of array 
antenna equipment 100, and time equalization of the input signal in the time domain signal- 
processing section collectively that ecad filtering between space-time is effectively realizable. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the control device of the array 
antenna of the operation gestalt concerning this invention. 

[Drawing 2] It is the sectional view of the array antenna equipment 100 of drawing 1 . 
[Drawing 3] It is the 1st operation gestalt of the time domain signal-processing section 4 of 
drawing 1 , and is the block diagram showing the configuration of the time domain signal- 
processing section 4-1 for TDMA. 

[Drawing 4] It is the block diagram showing the configuration of the transversal filter circuit 23-1 
of drawing 3 . 

[Drawing 5] It is the 2nd operation gestalt of the time domain signal-processing section 4 of 
drawing 1 , and is the block diagram showing the configuration of the time domain signal- 
processing section 4-2 for CDMA. 

[Drawing 6] It is a flow chart explaining the adaptive control processing performed by the 
adaptive control mold controller 7 of drawing 1 . 

[Drawing 7] In adaptive control processing of drawing 6 , it is a graph showing an example of the 
convergence curve of the residuum power for determining the measurement size Nt of the 
symbol level converged on a steady state. 

[Drawing 8] In adaptive control processing of drawing 6 , it is the graph which shows an example 
of the convergence curve of the criterion function value for renewal of a data block. 
[Drawing 9] It is the graph of the beam pattern of the array antenna equipment 100 
corresponding to initial value [ of a reactance value vector ] Xv (0) = (0 f 0, 0, 0, 0, 0) when 
performing adaptive control processing of drawing 6 . 

[Drawing 10] Adaptive control processing of drawing 6 is performed and it is the graph of the 
beam pattern of array antenna equipment 100 in case the count of updating of a reactance value 
is 2 times. 

[Drawing 1 1] Adaptive control processing of drawing 6 is performed and it is the graph of the 
beam pattern of array antenna equipment 100 in case the count of updating of a reactance value 
is 4 times. 

[Drawing 12] Adaptive control processing of drawing 6 is performed and it is the graph of the 
beam pattern of array antenna equipment 100 in case the count of updating of a reactance value 
is 9 times. 

[Drawing 13] Adaptive control processing of drawing 6 is performed and it is the graph of the 
beam pattern of array antenna equipment 100 in case the count of updating of a reactance value 
is 13 times. 

[Drawing 14] Adaptive control processing of drawing 6 is performed and it is the graph of the 
beam pattern of array antenna equipment 100 in case the count of updating of a reactance value 
is 1 9 times. 

[Description of Notations] 

AO — Driven element, 

A1 thru/or A6 — Parasitic element, 

1 — Low noise amplifier, 
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2 — Down converter, 

3 — A/D converter 

4 — Time domain signal-processing section, 

4-1 — The time domain signal-processing section for TDMA, 
4-2 — The time domain signal-processing section for CDMA, 

6 — Study sequence signal generator, 

7 — Adaptive control mold controller, 
9 — Coaxial cable 

11 — touch-down — a conductor, 

1 2- 1 thru/or 1 2-6 — Variable reactive element 

13- 1 thru/or 13 -(J-1)— Shift register, 

14- 1 thru/or 14-J, 22-1, or 22-Nc — Down sampler, 

1 5- 1 thru/or 1 5-J — Matched filter, 

1 6- 1 thru/or 1 6-J — Sub digital disposal circuit, 
17, 24, 27 — Adder, 

23^1 thru/or 23-J, 23-1, or 23-Nc — Transversal filter circuit, 
21-1 thru/or 21- (Nc-1), 25-1, or 25 -(M-1)— Delay circuit, 
26-1 thru/or 26-M — Multiplier, 
1 00 — Array antenna equipment. 



[Translation done.] 
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